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COMPOSITIONS AND METHODS FOR PREVENTION OR TREATMENT OF
NEOPLASTIC DISEASE IN A MAMMALIAN SUBJECT

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application No. 60/783,350,
filed March 17, 2006, the disclosure of which is incorporated by reference in its entirety.

FIELD

[0002] The invention generally relates to compositions and methods for preventing or
treating neoplastic disease in a mammalian subject. The invention further relates to a
composition which comprises an isolated enriched CD8" T cell population or a dendritic cell
population reactive to a human endogenous retrovirus type E antigen on a metastatic solid tumor
cell. The human endogenous retrovirus type E antigen includes an envelop protein, a polymerase
protein, or another protein or peptide fragment or variant thereof derived from this human
endogenous retrovirus type E. The invention further relates to a composition which comprises a
human endogenous retrovirus type E antigen, or a fragment or variant thereof. A method of

treating or diagnosing a neoplastic disease or a solid tumor is provided.

BACKGROUND

[0003] Donor T-cells mediating graft-versus-leukemia (GVL) effects can cure patients
with a variety of different hematological malignancies. Until recently, few studies supported a
similar susceptibility of solid tumors to allogeneic immunotherapy. It has recently been reported

that metastatic RCC can regress following nonmyeloablative allogeneic HCT as a consequence
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of a donor immune mediated graft-versus-tumor (GVT) effect. Childs et al., Blood 94:3234-41,

1999. Although these GVT effects can be durable and sometimes complete, more than half of
patients undergoing HCT fail to achieve a disease response. Bregni et al., Bone Marrow
Transplant 38:527-37, 2006. A better understanding of the immune cells and their target antigens
that mediate the regression of these tumors is needed to develop more effective transplant
approaches for RCC.

[0004] For hematological malignancies, GVL effects appear to be primarily mediated
by allogeneic T-cells targeting polymorphic peptides expressed on malignant T-cells of the
recipient (i.e., minor histocompatibility antigens, mHas). Several lines of clinical evidence
suggest donor T-cells targeting antigens expressed on the tumor also mediate regression of
metastatic renal cancer. The majority of patients who achieve a disease response have tumor
growth early after transplantation, when the newly engrafted donor immune system is suppressed
by cyclosporine or when mixed T-cell chimerism leading to T-cell “tolerance” of host tissues
(including the tumor) occurs. In responding patients, tumor regression is typically delayed by 4-6
months occurring after immunosuppression has been withdrawn following the conversion from
mixed to full donor T-cell chimerism. As observed with hematological malignancies, graft-
versus-host disease (GVHD) is also associated with disease regression. These clinical
observations and recent in vitro findings suggest regression of metastatic RCC may result from
alloreactive T-cells targeting mHas broadly expressed on both normal tissues and tumor cells of
the recipient. Seifarth et al., J Virol 79:341-52, 2005. However, the observation that tumor
shrinkage sometimes occurs in the absence or temporally distant from GVHD implies antigens
over-expressed or even selectively expressed on the tumor might also be a target for immune
cells mediating RCC regression. Although cytotoxic T-lymphocytes (CTLs) have been used to
identify antigens expressed on a variety of tumors, to date relatively few RCC-associated
antigens recognized by human CTL have been identified. Bock, M. and Stoye, J.P., Curr Opin
Genet Dev 10:651-5, 2000; Childs et al., N Engl J Med 343:750-8, 2000; Li ef al., Nature
409:847-9, 2001; Lower et al., Proc Natl Acad Sci USA 93:5177-84, 1996; Smit, A.F., Curr
Opin Genet Dev 9:657-63, 1999; Tykodi et al., Clin Cancer Res 10:7799-811, 2004.

[0005] A need exists in the art for a better understanding of the immune cells and their
target antigens that mediate the regression of solid tumors to develop more effective transplant
approaches for RCC. The current treatment of renal cell carcinoma cancers can have adverse
effects on subjects undergoing such therapies and are usually ineffective. Accordingly, there is a
need for improved, safer treatments that have long-lasting protective effects for the prevention

and treatment of neoplastic disease, for example, renal cell carcinoma. In particular, there is a
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need for treatments that are more specific and less toxic than the currently available therapeutic

agents.

SUMMARY

[0006] The present invention generally relates to a composition and method for
preventing or treating neoplastic disease in a mammalian subject. A composition is provided
which comprises an isolated enriched immune cell population reactive to a human endogenous
retrovirus type E antigen on a tumor cell, for example, a metastatic solid tumor cell. The isolated
enriched immune cell population can be a CD8" T cell population or a dendritic cell population.
The immune cell population can be an allogeneic cell population or an autologous cell
population. The CD8" T cell population or dendritic cell population includes, but is not limited
to, an HLA-A11" restricted population. A pharmaceutical composition is provided which
comprises a human endogenous retrovirus type E antigen. The human endogenous retrovirus
type E antigen includes an envelop protein, a polymerase protein, or another protein or peptide
fragment or variant thereof derived from this human endogenous retrovirus type E. The antigen
can comprises a polypeptide encoded by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a
fragment or variant therecof. The antigen can further comprise amino acid sequences of any one
of SEQ ID NO: 1 through 22, 46 and 48, or a fragment or variant thercof. The antigen can
further comprise amino acid sequences encoded by a nucleotide sequence CT-RCC9 (SEQ ID
NO: 11), CT-RCCS8 (SEQ ID NO: 45), Env HERV-E (SEQ ID NO: 47), or SEQ ID NO:12 (375
bp). A method of treating a neoplastic disease is provided which comprises administering to a
mammalian subject a composition comprising an enriched allogeneic CDS8" T cell population
reactive to a human endogenous retrovirus type E antigen, in an amount effective to reduce or
eliminate the solid tumor or to prevent its occurrence or recurrence. A method of treating a
neoplastic disease is provided which comprises administering to a mammalian subject a
pharmaceutical composition comprising a human endogenous retrovirus type E antigen, in an
amount effective to reduce or eliminate the solid tumor or to prevent its occurrence or
recurrence. In a further embodiment, a method for treating a subject suffering from or
susceptible to a tumor expressing a HERV-E antigen is provided which comprises administering
the vaccine to a healthy donor who will be used as a stem cell donor for a patients suffering from
a HERYV tumor undergoing an allogeneic stem cell transplant.

[0007] A composition is provided which comprises an isolated enriched immune cell
population reactive to a human endogenous retrovirus type E antigen on a neoplastic cell. The
immune cell population can be HLA-A11 restricted. The immune cell population includes, but is

not limited to, a CD8" T cell population or a dendritic cell population. The immune cell
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population can be an allogeneic cell population or an autologous cell population. The neoplastic
cell includes, but is not limited to, a solid tumor cell, metastatic tumor cell, renal cell carcinoma,
melanoma, lymphoma or leukemia. In an aspect of the composition, the human endogenous
retrovirus type E antigen is an envelop protein, a polymerase protein, or a fragment or variant
thereof. An antigen is provided which comprises an amino acid sequence encoded by HERV ID:
23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof. The antigen is provided
which comprises an amino acid sequence encoded by nucleotide sequence, including, but not
limited to, CT-RCCS8 (SEQ ID NO: 45), CT-RCC9 (SEQ ID NO: 11), Env HERV-E (SEQ ID
NO: 47), SEQ ID NO:12 (375 bp), or an amino acid sequence encoded by Env HERV-E (SEQ
ID NO: 48). The antigen can be NH,~ATFLGSLTWK-COOH (SEQ ID NO: 1) or a function
variant or mimetic thereof. The antigen can be X;-ATFLGSLTWK-X; or a function variant or
mimetic thereof, wherein each X, and X, independently of one another represents any amino
acid sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X,
and X;.

[0008] A pharmaceutical composition is provided which comprises a human
endogenous retrovirus type E antigen. In an aspect of the composition, the human endogenous
retrovirus type E antigen is an envelop protein, a polymerase protein, or a fragment or variant
thereof. An antigen is provided which comprises an amino acid sequence encoded by HERV ID:
23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof. The antigen is provided
which comprises an amino acid sequence encoded by nucleotide sequence, including, but not
limited to, CT-RCCS8 (SEQ ID NO: 45), CT-RCC9 (SEQ ID NO: 11), Env HERV-E (SEQ ID
NO: 47), SEQ ID NO:12 (375 bp), or an amino acid sequence encoded by Env HERV-E (SEQ
ID NO: 48). The antigen can be NH,~ATFLGSLTWK-COOH (SEQ ID NO: 1) or a function
variant or mimetic thereof. The antigen can be X;-ATFLGSLTWK-X; or a function variant or
mimetic thereof, wherein each X, and X, independently of one another represents any amino
acid sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X,
and X;.

[0009] A method of treating a neoplastic disease in a mammalian subject is provided
which comprises administering a composition comprising an isolated enriched immune cell
population reactive to a human endogenous retrovirus type E antigen to the mammalian subject,
in an amount effective to reduce or eliminate the neoplastic disease or to prevent its occurrence
or recurrence in the mammalian subject. The immune cell population can be HLA-AT1
restricted. The immune cell population includes, but is not limited to, a CDS" T cell population

or a dendritic cell population. The immune cell population can be an allogeneic cell population
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or an autologous cell population. The neoplastic cell includes, but is not limited to, a solid tumor
cell, metastatic tumor cell, renal cell carcinoma, melanoma, lymphoma or leukemia.

[0010] In an aspect of the method, the human endogenous retrovirus type E antigen is
an envelop protein, a polymerase protein, or a fragment or variant thereof. An antigen is
provided which comprises an amino acid sequence encoded by HERV ID: 23549 (Chr 6:
89367908 — 89375827), or a fragment or variant thereof. The antigen is provided which
comprises an amino acid sequence encoded by nucleotide sequence, including, but not limited to,
CT-RCCS (SEQ ID NO: 45), CT-RCC9 (SEQ ID NO: 11), Env HERV-E (SEQ ID NO: 47),
SEQ ID NO:12 (375 bp), or an amino acid sequence encoded by Env HERV-E (SEQ ID NO:
48). The antigen can be NH,~rATFLGSLTWK-COOH (SEQ ID NO: 1) or a function variant or
mimetic thereof. The antigen can be X;-ATFLGSLTWK-X; or a function variant or mimetic
thereof, wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and
Xs.

[0011] A method of treating a neoplastic disease in a mammalian subject is provided
which comprises administering a pharmaceutical composition comprising a human endogenous
retrovirus type E antigen to the mammalian subject, in an amount effective to reduce or eliminate
the neoplastic disease or to prevent its occurrence or recurrence in the mammalian subject.

[0012] A method for inducing tumor cell death or inhibiting tumor cell proliferation in
a mammalian subject is provided which comprises administering a pharmaceutical composition
comprising a human endogenous retrovirus type E antigen to the mammalian subject, in an
amount effective to induce the tumor cell death or inhibit the tumor cell proliferation in the
mammalian subject.

[0013] In an aspect of the method, the human endogenous retrovirus type E antigen is
an envelop protein, a polymerase protein, or a fragment or variant thereof. An antigen is
provided which comprises an amino acid sequence encoded by HERV ID: 23549 (Chr 6:
89367908 — 89375827), or a fragment or variant thereof. The antigen is provided which
comprises an amino acid sequence encoded by nucleotide sequence, including, but not limited to,
CT-RCCS (SEQ ID NO: 45), CT-RCC9 (SEQ ID NO: 11), Env HERV-E (SEQ ID NO: 47),
SEQ ID NO:12 (375 bp), or an amino acid sequence encoded by Env HERV-E (SEQ ID NO:
48). The antigen can be NH,~rATFLGSLTWK-COOH (SEQ ID NO: 1) or a function variant or
mimetic thereof. The antigen can be X;-ATFLGSLTWK-X; or a function variant or mimetic
thereof, wherein each X; and X, independently of one another represents any amino acid

sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and
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X,. In a further aspect, the mammalian subject can express HLA-A11 restricted minor
histocompatibility antigen. The neoplastic disease includes, but is not limited to, a solid tumor,
metastatic tumor, renal cell carcinoma, melanoma, lymphoma or leukemia.

[0014] A method for diagnosing neoplastic disease in a mammalian subject is provided
which comprises detecting a human endogenous retrovirus type E antigen on a neoplastic tumor
cell wherein the presence of the human endogenous retrovirus type E antigen is indicative of
neoplastic disease or metastatic neoplastic disease.

[0015] In an aspect of the method, the human endogenous retrovirus type E antigen is
an envelop protein, a polymerase protein, or a fragment or variant thereof. An antigen is
provided which comprises an amino acid sequence encoded by HERV ID: 23549 (Chr 6:
89367908 — 89375827), or a fragment or variant thereof. The antigen is provided which
comprises an amino acid sequence encoded by nucleotide sequence, including, but not limited to,
CT-RCCS (SEQ ID NO: 45), CT-RCC9 (SEQ ID NO: 11), Env HERV-E (SEQ ID NO: 47),
SEQ ID NO:12 (375 bp), or an amino acid sequence encoded by Env HERV-E (SEQ ID NO:
48). The antigen can be NH,~rATFLGSLTWK-COOH (SEQ ID NO: 1) or a function variant or
mimetic thereof. The antigen can be X;-ATFLGSLTWK-X, or a function variant or mimetic
thereof, wherein each X; and X; independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and
X,. The neoplastic disease includes, but is not limited to, a solid tumor, metastatic tumor, renal
cell carcinoma, melanoma, lymphoma or leukemia. In a further aspect, the mammalian subject
can express HLA-A11 restricted minor histocompatibility antigen.

[0016] An embodiment of the invention provides the identification and characterization
of anti-tumor cytotoxic T lymphocyte (CTL) epitopes. In particular, HERV CTL epitopes in the
non- variable number of tandem repeat (VNTR) region extracellular region of HERV are
described. The VNTR is not a region of HERV, which is traditionally known to have
immunogenic epitopes. The invention also describes the generation of enhancer agonist epitopes
which generate stronger immune cell reaction than native peptides. CTL epitope sequences
outside traditional human endogenous retrovirus (HERV) immunogenic tumor antigens have
been identified. In particular, the invention describes a method for T-cell activation by
modifying HLA-anchor residues to provide a stronger immune response to native antigens
associated with solid tumors, leukemias, or lymphomas.

[0017] T-cells play a key role in the induction of GVHD and the GVL effects in
hematological malignancies. Thus, it was hypothesized that donor T-cells capable of killing

patient tumor cells could be isolated from patients who had regression of metastatic RCC
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following HCT. To identify potential antigens targeted by donor T-cells, peripheral blood

mononuclear cells (PBMCs) obtained from patients after allogeneic transplantation were
stimulated in vitro with patient autologous RCC cell lines established in the laboratory from
surgically resected tumors. In 2 patients who had disease regression consistent with a GVT
effect, T-cells of donor origin that killed patient RCC cells in vitro were expanded from the
blood. In one responder, RCC-reactive CTL with a cytotoxicity profile consistent with
recognition of a mHa expressed broadly on both the tumor and patient hematopoietic cells was
identified. In the other responding patient who had a GVT effect associated with prolonged
survival, CTL with ir vitro tumor-specific cytotoxicity were isolated. Using cDNA expression
cloning, a new RCC tumor antigen recognized by HLA-A11 restricted donor T-cells was
identified. The antigen-encoding gene, named CT-RCC, was found to be a HERV type E that is
highly expressed on RCC but not normal tissues. Cloning and expression patterns are provided
of the first solid tumor antigen identified using donor T-cells from a patient undergoing an
allogeneic HCT.

[0018] An embodiment of the invention provides a human endogenous retrovirus with
selective expression in renal carcinoma cells (RCC) in a mammalian subject. A peptide derived
from the CT-RCC genes called CT-RCC-1 is immunogenic in vitro. Tumor regression has been
observed concomitant with expansion of CT-RCC-1 reactive CD8' CTL in 3 of 3 HLA A11"
RCC patients who underwent an allogeneic HCT.

[0019] In a embodiment, the invention provides an isolated nucleic acid molecule
which encodes an agonist polypeptide antigen derived from a tumor antigen, such as for
example, HERV.

[0020] In one aspect of the invention, the generated immune response is a cellular
immune response. Cellular immune responses include cytotoxic T cell responses, T helper cell
responses, and B cell immune responses.

[0021] In another embodiment, the invention provides a nucleic acid molecule
comprising a nucleic acid sequence corresponding to (e.g. that can code for) any one of the
amino acid sequences as identified by SEQ ID NO: 1 through 22 and 45, fragments or variants
thereof. SEQ ID NO: 1 through 22 and 45 are identified by:

SEQID | Peptide | Identifier Nucleotide sequence SEQ ID NO
NO sequence (n.t.)
(peptide)
1 ATFLGS | Pep-Al104- | atgcctgctacatttcttggttecctgace 23
LTWK K133
2 ATIPAT | ATT-101P- | caccgcaaccattcctgctacatttcttggttccetgacctggaa 24
FLGSLT 142D gcgaggtgattag
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WKRGD
gtggcgtiggtaaggacgatgtaaagaaccaagggactggac
cttcgetccactaate
3 ATMPA ATG- caccgcaaccatgcctgctacatttcttggttcectgacctgga 25
TFLGSL | 101P-142D | agcgaggtgattag
TWKRG
D gtggcgtiggtacggacgatgtaaagaaccaagggactgga
ccttcgetecactaate
4 ATAPA GCA- caccgcaaccgetcetgetacatttcttggttcecetgacetgga 26
TFLGSL | 101P-142D | agcgaggtgattag
TWKRG
D gtggcgtiggcgaggacgatgtaaagaaccaagggactgga
ccttcgetecactaate
5 ATPATF | ATTdel- | cacc gcaacc— 27
LGSLT | 101P-142D | cctgctacatttcttggttccctgacctggaagegaggtgattag
WKRGD
gtgg cgttgg---
ggacgatgtaaagaaccaagggactggaccttcgetcecactaa
tc
6 MNHSC ATG- caccatgaatcactcctgcetacatttcttggttcectgacctggaa 28
YISWEFP | 104N-138R | gcgaggtga
DLEAR
gtggtacttagtgaggacgatgtaaagaaccaagggactggac
cttcgetceact
7 MPATF | 101P-133K | cacc atgcctgetacatttcttggttccctgacctggaagtag 29
LGSLT
WK gtggtacggacgatgtaaagaaccaagggactggaccttcate
8 MATFL | 104A-136R | caccatggctacatttcttggttccctgacctggaagegatag 30
GSLTW
KR gtggtaccgatgtaaagaaccaagggactggaccticgetate
9 MTFLG | 107T-136R | cacc atgacatttcttggttccctgacctggaagegatag 31
SLTWK
R gtgg tactgtaaagaaccaagggactggaccttcgetatc
10 MTFLG | 107T-133K | cacc atgacatttcttggttccetgacctggaagtag 32
SLTWK
gtgg tactgtaaagaaccaagggactggaccttcate
1-578 ggagctcagatcatgagatgcgagtctaccaatgctcccaget 11
gattaaagcctettccttcataaaaccagtgtccgagaggttttgt [RCCI]

ctgcaaccattcctgctacatttettggttccetgacctggaageg

aggtgattagtggacagttigaggcagectettaggeggcttag

gectgeectgtggageatcectggggaggactcecggegaget
taagcaaagcagatcctgggageactctcgegtaggcaattge
cctggtcaaatgecttgeccacageagtgtgeggcagacceecg
tggagaattaacacagcggttgaacaccgggaaggaatcggc
gattggagtctggacatctggaacatggtgatcgagtgtggate
aaagactggaacatagcccctttgtggccacggtggaaaggat
gcecagaccatcatcctgaccactcccaccaccatgaaggtaga

-8 -




WO 2007/109583

PCT/US2007/064237

aggaattccggectggatccaccacagecacgtgaaacceac
agcacctgagacctgggaggtgagaccaageccggacaatc
cctacaaagtgactctg

1-375

ggagctcagatcatgagatgcgagtctaccaatgetcccaget
gattaaagcctcttccttcataaaaccagtgtccgagaggtttigt
ctgcaaccattcctgctacatttettggttccetgacctggaageg
aggtgattagtggacagttigaggcagectettaggeggcttag
gectgeectgtggageatcectggggaggactcecggegaget
taagcaaagcagatcctgggageactctcgegtaggcaattge
cctggtcaaatgecttgeccacageagtgtgeggcagacceecg
tggagaattaacacagcggttgaacaccgggaaggaatcggc
gattggagtctggacatctggaacatg

12
[375 bp
common
region]

13

1-272

ggagctcagatcatgagatgegagtctaccaatgeteccaget
gattaaagcctcttccttcataaaaccagtgtccgagaggtttigt
ctgcaaccattcctgctacatttettggttccetgacctggaageg
aggtgattagtggacagttigaggcagectettaggeggcttag
gectgeectgtggageatcectggggaggactcecggegaget
taagcaaagcagatcctgggageactctcgegtaggcaattge
cctggtcaa

35

14

1-242

ggagctcagatcatgagatgegagtctaccaatgeteccaget
gattaaagcctcttccttcataaaaccagtgtccgagaggtttigt
ctgcaaccattcctgctacatttettggttccetgacctggaageg
aggtgattagtggacagttigaggcagectettaggeggcttag

gectgeectgtggageatcectggggaggactcecggegaget
taagcaaagcagatcctgggag

36

15

1-212

ggagctcagatcatgagatgegagtctaccaatgeteccaget
gattaaagcctcttccttcataaaaccagtgtccgagaggtttigt
ctgcaaccattcctgctacatttettggttccetgacctggaageg

aggtgattagtggacagttigaggcagectettaggeggcttag
gectgecctgtggageatcectgggoagoactce

37

16

1-182

ggagctcagatcatgagatgegagtctaccaatgeteccaget
gattaaagcctcttccttcataaaaccagtgtccgagaggtttigt
ctgcaaccattcctgctacatttettggttccetgacctggaageg

aggtgattagtggacagttigaggcagectettaggeggcttag
gecet

38

17

1-152

ggagctcagatcatgagatgegagtctaccaatgeteccaget
gattaaagcctcttccttcataaaaccagtgtccgagaggtttigt
ctgcaaccattcctgctacatttettggttccetgacctggaageg

aggtoattagtgoacag

39

18

32-272

atgctcccagetgattaaagectcttcettcataaaaccagtgtee
gagaggttttgtctgcaaccattectgetacatttcttggttecetg
acctggaagcgaggtgattagtggacagttgaggcagectctt

aggcggcttaggcctgecctgtggageatecctggggaggac
tccggegagcettaagcaaagcagatcctgggageactetcgeg
taggcaattgccctggtcaa

40

19

62-272

cataaaaccagtgtccgagaggttttgtctgcaaccattcetgct
acatttcttggttccctgacctggaagegaggtgattagtggaca
gttgaggcagcectcttaggeggcttaggectgecctgtggage
atccetggggaggactccggegagettaagcaaageagatcect
ggoagcacictcgegtaggceaattgeecctggtcaa

41

20

92-272

gcaaccattcctgctacatttettggttccetgacctggaagega
ggotgattagtggacagtigaggcagectettaggeggcttagg

cctgecctgtggageatcectggggaggactccggegagetta
agcaaagcagatcctgggagceactctcgegtaggcaattgece

tggtcaa

42
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21 50-272 agcctettcettcataaaaccagtgtccgagaggttttgtctgcaa 43
ccattcctgctacatttcttggticcctgacctggaagegaggte

attagtggacagttgaggcagcctcttaggecggcttaggectge
cctgtggageatcectggggaggactceggegagettaagea

aagcagatcctgggagceactctcgegtaggcaattgecetggt
caa

22 67-272 aaccagtgtccgagaggttttgtctgcaaccatteetgetacattt 44
cttggticcetgacctggaagegaggtgattagtggacagtiga
ggcagcectcttaggeggcettaggectgeccetgtggageatece

tggggaggactccggegagettaagcaaageagatectggga
geactctcgegtaggcaattgccctggteaa

1-2155 (RCC 8 sequence) (SEQ ID NO: 45)

GGAGCTCAGATCATGAGATGCGAGTCTACCAATGCTCCCAGCTGATTAAAGCCTCTTCCT
TCATAAAACCAGTGTCCGAGAGGTTTTGTCTGCAACCATTCCTGCTACATTTCTTGGTTC
CCTGACCTGGAAGCGAGGTGATTAGTGGACAGTTGAGGCAGCCTCTTAGGCGGCTTAGGC
CTGCCCTGTGGAGCATCCCTGGGGAGGACTCCGGCGAGCTTAAGCAAAGCAGATCCTGGG
AGCACTCTCGCGTAGGCAATTGCCCTGGTCAAATGCCTTGCCACAGCAGTGTGCGGCAGA
CCCCCGTGGAGAATTAACACAGCGGTTGAACACCGGGAAGGAATCGGCGATTGGAGTCTG
GACATCTGGAACATGGATGCAGCAAGCCGCAGAGAGAGCCGCAAAGAAGGTGAATGCCAA
CCCGGTGAAATGCTGACCTACTAGCTGCAGCTATTAGAGGGGTCCCCCTGAAAGGACAAG
GGAATGGGGGCTCCAGGAAAAATACCCAGTCTGACCGTCCACGCTTGCAACGTAACCAGT
GCGCCTATTGTAAAGAGACAGGACATTGGAAAGATAAGTGCCCTCAGCTGAAAGAAAAGC
AAGGTGGTTCAGAGCAAAAGACCCCAGACAAGGACGAAGGAGCCTTGTTCAATCTGGCTG
AGGGGTTATTGGACCGAAGGGGACCAGGCTCACGTGCCCCCAAGGAGCCCATGGTCAGAA
TGACAGTTGGGGGCAAGGACATTAAGTTTCTGGTCAATACTGGTGCTGAACATTCAGTAG
TGACCACCCCGGTCGCCCCCTTGTCTAAAAAGGCTATTGATATAATTGGAGCAACAGGAG
TTTTGACAAAGCAGGCTTTCTGTTTGCCCCGGACCTGCTCGGTGGGGGGACATGAAGTGA
TTCACCAGTTCCTGTACATCCCTGACTGCCCCTTGCCTTTGTTAGGAAGGGACCTGCTTA
GCAAGCTGAGAGCTATCTTCCTTTACCAAGCAAGGCTCTTTACAACTGAAGTTGCCTGGA
ACAGGAGTTATCATGGCCCTGACAGTTCCCCGAGAGGAAGAGTAGCGACTCTTCCTAACC
AAACCAGGCAAAGAGATAGGGCCAGCTCTGGCCCAGTGGTGGCCAAAAGTATGCGCAGAA
GACAACCCTCCTGGATTGGCAGTCAATCAAGCTCCTGTACTCAGGGAAGTTAAGCCAGAG
GCCCAGCCAGTCAGGCAAAACCAGTATCCAGTCCCCAGAGAAGCCCTGGAAGGTATCCAG
GTTCATCTTAAGCACCTGAGGACTTTTGGAATTATAGTGCCTTGTCAGTCTCCATGGAAC
ACCCCCCTCCTACCTGTTCCCAAGCCAGGGACCAAGGACTACAGGCCAGTACAGGACTTG
CGATTGGTCAATCAAGCCACAGTGACTTTCCATCCAACAGTACCTAACCCGTACACATTG
TTGGGGTTATTGCCAGCTAAGGACAGCTGGTTCACCTGCCTAGACCTGAAGGACGCCTTC
TTTAGCATCAGATTAGCTCCAGAGAGCCAGAAACTGTTTGCCTTTCAGTGGGAGGATCCG
GGGTCAGGTGTCACCACTCATTACACTTGGACCCGGCTTCCCCAGGGGTTCAAGAACTTC
CCCCACCATCTTTGGGGAGGCACTGGCTCGAGACCTCCAAAAGTTTCCTGCCAGAGACCT
AGGCTGCGTGTTGTTCCAGTACATCGACAACCTCCTGCTGGGACGCCCCATGGCAGTCGG
GTGCGTCAAAGGAACAGACGCCCTGCTTCAGCACCTGGAGGACTATGGGTATAAGGTGTC
CAAGAAGAAAGCTCAGATCTGCAGACAGCAGGTACGCTACCTGGGATTTACTATCCGACA
GCGGGAGTGCAGCCTAGGATCAGAAAGAAAGCAGGTCATTTGCAACCTACTGGAGCCTAA
GACCAGAAGGCAGTTGAGAGAATTATTAGGAGCTGTGGGGTTCTGCAGGTTATGGATCCC
AAATTTTGCAGTACTGGCCAAACCTCTGGTACCAAGTTACAAAGGGGGGTGACATGGAAC
CATTTGAATGGGGGTCCCAACAGCAACAGGCTTTTCATGAGTTAAAAGAAAAACTCATGT
CAGCCCCAGCCCTGGGTCTACCTGACCTGACAAAGCCATTTACATTGTATGTGTC

DNA coding sequence of Env/ HERV-E: (SEQ ID NO: 47)

ATGGCAGAAAATAAGTACATTTGTCATGAATTAGGACTATATGGTATTATTGAATGTAGT TATTGGTCCTA
TGTCATTTGGGCCACCTGGAARARAGGATGAAARAAGACCCTGTTTGCCTACAAAAAGGAARAAGTAATTCAT
CTTGCACCTCCGGTAACTGTAACCCATTAGAATTAATAATTACTAACCCCCAGGATCCCCACTGGAAGACA
GGAGAAAATGTARACCTAGGAATTGATGGAACTGGGCTTGACCCCCGAGTCAACCTTTTAATCCAAGGGGA
GATCCACAAGCGCTCCCCCAAACCAGTGTTCCAGACCTTTTATGATGAACTAAATGTGCCAATACCAGAAC
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TGCCAGGGAAGACAAAAGATTTGTTCCTGCAGTTAGCAGAAAATATAGCCCATTCCCTCAACATTACTTCC
TGTTATGTATGCAGGGGAACTACTATGGGAGACCAATGGCCTTGGGAGGCCCGAGAATTAGTGCCCATGGA
TCCAGTTCCTGATATAATTCCAGTCCAGAAGGCCCACACTGGTAACTTTTGGGTCTTAAAAACCTCAATTA
TTGGGCAATACTGCTTAGCTAGAGAAGGAAAAGACTTCACCATCCCCGTAGGAAGCTCAATTGCCTAG

Amino acid coding sequence predicted of Env/ HERV-E: (SEQ ID NO: 48)

MAENKYICHELGLYGIIECSYWSYVIWATWKKDEKDPVCLOKGKSNSSCTSGNCNPLELIITNPQDPHWKT
GENVNLGIDGTGLDPRVNLLIQGEIHKRSPKPVFQTFYDELNVPIPELPGKTKDLFLQLAENIAHSLNITS
CYVCRGTTMGDQWPWEARELVPMDPVPDIIPVOKAHTGNFWVLKTSIIGQ YCLAREGK DFTIPVGSSIA

[0022] In another embodiment, the invention provides for a vector comprising an
isolated nucleic acid molecule expressing any one of amino acids identified by SEQ ID NO: 1
through 22 and 45.

[0023] In another embodiment, the vector comprises nucleic acid molecules encoding
immune cell co-stimulatory molecules, such as for example, B7-1, ICAM-1 and LFA-331.

[0024] In yet another embodiment, the invention provides for the transduction of
dendritic cells with a vector comprising any one of the molecules as identified by SEQ ID NO: 1
through 22 and 45, fragments or variants thereof, and optionally, immune cell co-stimulatory
molecules, such as for example, B7-1, ICAM-1 and LFA-3.35.

[0025] In one aspect of the invention, dendritic cells transduced with the vector
comprising any one of the molecules as identified by SEQ ID NO: 1 through 22 and 45,
fragments or variants thereof, and optionally, immune cell co-stimulatory molecules, generates
an immune response, such as activation of a cytotoxic T cell response.

[0026] In another embodiment, the invention provides a nucleic acid vector comprising
one or more nucleic acid sequences encoding polypeptides as identified by any one of SEQ ID
NO: 1 through 22 and 45, fragments or variants thereof, operably linked to an inducible
promoter.

[0027] In another embodiment the nucleic acid vector is a viral vector, plasmid and the
like. Preferably the nucleic acid vector comprises an inducible promoter which is tissue specific,
and optionally, immune cell co-stimulatory molecules.

[0028] In another embodiment, the vector comprising a nucleic acid sequence encoding
any one of the polypeptides identified by SEQ ID NO: 1 through 22 and 45.

[0029] In another embodiment, the vector codes for any one of the polypeptides
identified by any one of SEQ ID NO: 1 through 22 and 45 having a sequence identity to any one
of SEQ ID NO: 1 through 22 and 45 of at least about 10%, more preferably, 25%, even more
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preferably a sequence identity of about 40%, 50%, 60%, 70%, 80%, 90%, or 99.9% to any of the

SEQ ID NO: 1 through 22 and 45.

[0030] In another embodiment, the vector contains a sequence identified by any one of
SEQ ID NO: 23 through 44 having a sequence identity to anyone one of SEQ ID NO: 20 through
37 of at least about 10%, more preferably. More preferably, 25%, even more preferably about
40%, 50%, 60%, 70%, 80%, 90%, or 99.9% sequence identity to any one of SEQ ID NO: 23 -
44,

[0031] In another embodiment, the invention provides a host cell expressing the
polypeptide products of the vector as identified by any one of SEQ ID NO: 1 through 22 and 45
having a sequence identity to anyone one of SEQ ID NO: 1 through 22 and 45 of at least about
10%, more preferably, 25%, even more preferably about 40%, 50%, 60%, 70%, 80%, 90%, or
99.9%. Preferably the host cell is an antigen presenting cell, such as for example, a
monocyte/macrophage, dendritic cell or the like.

[0032] In another embodiment, the invention provides a method for treating a subject
suffering from or susceptible to a HERV tumor comprising administering to a subject any one of
the peptides identified by SEQ ID NO: 1 through 22 and 45, fragments or variants thereof.

[0033] In another embodiment, the invention provides a method for treating a subject
suffering from or susceptible to a HERV tumor comprising administering to a subject any one of
the nucleic acids identified by SEQ ID NO: 23 through 44, fragments or variants thereof.

[0034] In another embodiment, the invention provides a method for generating an
immune response to a HERV tumor antigen comprising administering an isolated nucleic acid
molecule in a therapeutically effective dose sufficient to generate a cellular immune response,
wherein the isolated nucleic acid molecule encodes any one of polypeptides identified by SEQ
ID NO: 1 through 22 and 45, fragments or variants thereof, and optionally immune cell co-
stimulatory molecules. Preferably, the vector can express polypeptides as identified by any one
of SEQ ID NO: 1 through 22 and 45 having a sequence identity to anyone one of SEQ ID NO: 1
through 22 and 45 of at least about 10%, more preferably, 25%, even more preferably about
40%, 50%, 60%, 70%, 80%, 90%, or 99.9%.

[0035] In another embodiment, the invention provides for a method for treating a
subject suffering from or susceptible to a HERV tumor comprising isolating dendritic cells from
a subject suffering from cancer; and, treating the dendritic cells with one or more of the
polypeptides identified by SEQ ID NO: 1 through 22 and 45; fragments, and variants thercof.

Preferably, the treated dendritic cells are administered to the subject.
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[0036] In another embodiment, the invention provides a method for generating an
immune response to a weakly immunogenic antigen comprising administering to an subject a
polypeptide with a high avidity for HLA fused to the weak immunogen.

[0037] In one aspect of the invention, the polypeptide comprises the HLA binding
fragment of SEQ ID NO: 14.

[0038] In another aspect of the invention, the weak immunogen is a differentiation
antigen, or a tumor antigen.

[0039] In another embodiment, the HLA binding fragment of SEQ ID NO: 14 is fused
to a carcinoembryonic antigen, tumor antigen, self antigen, viral antigen and the like.

[0040] In another embodiment, the invention provides for an isolated polypeptide
comprising an amino acid sequence set forth in SEQ ID NO: 1 through 22 and 45, fragments or
variants thereof.

[0041] In another embodiment, the invention provides for a polypeptide identified by
any one of SEQ ID NO: 1 through 22 and 45 having a sequence identity to anyone one of SEQ
ID NO: 1 through 22 and 45 of at least about 10%, more preferably, 25%, even more preferably
about 40%, 50%, 60%, 70%, 80%, 90%, or 99.9%.

[0042] In another aspect of the invention, antigen presentation, by antigen presenting
cells of the polypeptides induces an immune response, preferably a cellular immune response.
For example, the cellular immune response is a cytotoxic T cell response, a T helper cell
response, or a B cell immune response.

[0043] In another embodiment, the invention provides for an agonist polypeptide
comprising an amino acid sequence which is at least about 60% identical to the amino acid
sequence of SEQ ID NO: 1 through 22 and 45, fragments, or variants thercof, more preferably,
the agonist polypeptide comprises an amino acid sequence which is at least about 80% identical
to the amino acid sequence of SEQ ID NO: 1 through 22 and 45., more preferably, the agonist
polypeptide comprises an amino acid sequence which is at least about 90%, 95%, or 99.9%
identical to the amino acid sequence of SEQ ID NO: 1 through 22 and 45.

[0044] In another embodiment, a method of treating a subject suffering from or
susceptible to a HERV tumor is disclosed. The method may include the isolating dendritic cells
from a subject suffering from cancer, treating the dendritic cells with one or more of
polypeptides identified by SEQ ID NO: 1 through 22 and 45, activating peripheral blood
mononuclear cells with the treated dendritic cells, and administering the activated PBMC cells to

the subject.

-13 -



WO 2007/109583 PCT/US2007/064237

[0045] In one aspect, presented herein are isolated nucleic acid molecules which
encodes an agonist polypeptide antigen derived from HERV, wherein the agonist polypeptide
stimulates an immune response.

[0046] In one embodiment, the agonist polypeptide binds to HLA molecules with a
high avidity.

[0047] In one embodiment, the agonist polypeptide has a higher association constant
(K,) for the HLA than a native polypeptide.

[0048] In one embodiment, an agonist polypeptide comprises up to about 12 amino
acids in length.

[0049] In one embodiment, the immune response is a cellular immune response.

[0050] In one embodiment, the cellular immune response is one or more of a cytotoxic
T cell response or a T helper cell response.

[0051] In one embodiment, the cellular immune response is a B cell immune response.

[0052] In one embodiment, a nucleic acid sequence corresponds to any one of the
amino acid sequences as identified by SEQ ID NO: 1 through 22 and 45, fragments or variants
thereof.

[0053] In one embodiment, a nucleic acid sequence corresponds to the amino acid
sequence as identified by SEQ ID NO: 1, or fragments thereof.

[0054] Presented herein, according to one aspect, are isolated polypeptides comprising
an amino acid sequence set forth in SEQ ID NO: 1 through 22 and 45, fragments or variants
thereof .

[0055] Presented herein, according to one aspect, are isolated polypeptides comprising
an amino acid sequence set forth in SEQ ID NO: 1, fragments or variants thereof.

[0056] In one embodiment, the polypeptide comprises SEQ ID NO: 14, fragments or
variants thereof.

[0057] In one embodiment, the polypeptide induces an immune response.

[0058] In one embodiment, the immune response is a cellular immune response.

[0059] In one embodiment, the cellular immune response is one or more of a cytotoxic
T cell response, a T helper cell response or a B cell immune response.

[0060] Presented herein, according to one aspect, are methods for generating an
immune response to a HERV tumor antigen comprising administering an isolated nucleic acid
molecule in a therapeutically effective dose sufficient to generate a cellular immune response,
wherein the isolated nucleic acid molecule encodes any one or more of polypeptides identified

by SEQ ID NO: 1 through 22 and 45 or fragments or variants thereof.
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[0061] In one embodiment, the isolated nucleic acid molecule comprises a vector
encoding any one or more of amino acid sequences identified by SEQ ID NO: 1 through 22 and
45.

[0062] In one embodiment, the isolated nucleic acid molecule comprises a vector
encoding a polypeptide identified by SEQ ID NO: 14.

[0063] In one embodiment, an immune response is generated against a HERV tumor.

[0064] In one embodiment, the immune response is a cytotoxic T cell response.

[0065] According to one aspect, presented herein are nucleic acid vectors comprising
one or more nucleic acid sequences encoding polypeptides identified by any one or more of SEQ
ID NO: 1 through 22 and 45, operably linked to an inducible promoter.

[0066] In one embodiment, the vector is a viral vector.

[0067] In one related embodiment, the vector is a plasmid.

[0068] In one embodiment, the inducible promoter is one or more of tissue specific or
non-specific.

[0069] Presented herein, according to one aspect, are recombinant vectors comprising a
nucleic acid sequence encoding any one of the polypeptides identified by SEQ ID NO: 1 through
22 and 45.

[0070] In one aspect, presented herein are host cells comprising a vector of any one of
claims 29 through 33.

[0071] In one aspect, presented herein are methods for treating a subject suffering from
or susceptible to a HERV tumor comprising administering to a subject any one or more of the
peptides identified by SEQ ID NO: 1 through 22 and 45.

[0072] In one aspect, presented herein are methods for treating a subject suffering from
or susceptible to a HERV tumor comprising isolating antigen presenting cells from a subject
suffering from cancer; treating the antigen presenting cells with one or more of polypeptides
identified by SEQ ID NO: 1 through 22 and 45; and administering the treated antigen presenting
cells to the subject.

[0073] In one embodiment, the antigen presenting cells comprise one or more of
monocytes, dendritic cells, T cell, B cell or hematopoietic cells.

[0074] In one embodiment, the methods may further comprise transfecting an antigen
presenting cell with a nucleic acid encoding a polypeptide encoded by one or more of SEQ ID

NO: 1 through 22 and 45.
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[0075] In one aspect, presented herein are methods for generating an immune response
to a weakly immunogenic antigen comprising administering to a subject a polypeptide with a
high avidity for HLA fused to a weak immunogen.

[0076] In one embodiment, the weak immunogen is a tumor antigen.

[0077] In one embodiment, HLA binding fragment of SEQ ID NO: 1 is fused to a
carcinoembryonic antigen.

[0078] In one aspect, presented herein are methods of screening for a molecule to
generate an immune response to a HERV tumor antigen, comprising altering a nucleic acid
encoding a portion of HERV; expressing the altered nucleic acid to produce a molecule;
contacting a dendritic cell with the molecule; and contacting a T-cell with the dendritic cell,

[0079] In one embodiment, a modulation of the IFN-y production of the T-cell indicates
that the molecule may generate an immune response.

[0080] In one embodiment, the dendritic cell is from a subject diagnosed with cancer.

[0081] In onec embodiment, the dendritic cell after it is treated with the molecule is
contacted with a peripheral blood mononuclear cell.

[0082] In one aspect, presented herein are methods for treating a subject suffering from
or susceptible to a HERV tumor comprising isolating antigen presenting cells from a subject
suffering from cancer; treating the antigen presenting cells with one or more of polypeptides
identified by SEQ ID NO: 1 through 22 and 45; activating peripheral blood mononuclear cells
with the treated antigen presenting cells; and administering the activated PBMC cells to the
subject.

[0083] In onec embodiment, the PBMC isa T cell.

[0084] In one aspect, presented herein are methods for generating an immune response
to a HERV tumor antigen comprising administering an isolated nucleic acid molecule in a
therapeutically effective dose sufficient to generate a cellular immune response, wherein the
isolated nucleic acid molecule encode one or more of SEQ ID NO: 1-14.

[0085] In one aspect, presented herein are methods for generating an immune response
to a HERV tumor antigen comprising administering one or more of an isolated RNA molecule,
an isolated DNA molecule, an isolated polypeptide in a therapeutically effective dose sufficient
to generate a cellular immune response, wherein the isolated nucleic acid molecule or its product
is identified by SEQ ID NO: 1-14.

[0086] In one embodiment, the administration comprises one or more of transfection,

transduction or injection.
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[0087] In one aspect, presented herein are methods for treating a subject suffering from
or susceptible to a HERV tumor comprising administering to the subject a therapeutically
effective amount of an antibody specific for a polypeptide encoded by one or more of SEQ ID
NO: 1-14.

[0088] In one aspect, presented herein are antibodies specific for polypeptide encoded

by one or more of SEQ ID NO: 1 — 14.

BRIEF DESCRIPTION OF THE DRAWINGS

[0089] Figure 1 depicts an ELISPOT for IFN-g secretion showing that following in vivo
priming, RCC reactive CD8+ T-cells of donor origin were identified in 3 of 4 patients providing
evidence that donor CD8+ T-cells can be primed in vivo to recognize patient RCC cells
following allogeneic HCT. ELISPOT analysis showed RCC reactive T-cells were detectable as
carly as + 119 days post transplant and persisted for more than 4 years post transplant.

[0090] Figure 2 depicts flow cytometry analysis of PBMC from day +1213 showing
RCC Reactive CD8+ T Cells Detected In The Blood Of A Responding Patient By Intracellular
IFN-g Staining

[0091] Figure 3 depicts results of a Cr51 release assay showing a pattern consistent
with tumor restricted recognition, lysing patient RCC cells but not patient EBV-LCL, patient
fibroblasts, K562 cells or 3 party MHC mismatched RCC cells.

[0092] Figure 4 graphically depicts a flow cytometric based analysis of a CTL line
showing the dominant CD8+ T-cell population expressed TCR V beta 7.

[0093] Figure 5 graphically depicts the results of an IFNg secretion assay.

[0094] Figure 6 depicts the results of the screening of T cell clones.

[0095] Figure 7 depicts the results of an antibody blocking assay.

[0096] Figure 8§ depicts the results testing for clonal T-cell recognition of multiple HLA
A1l + RCC tumor cell lines.

[0097] Figure 9 depicts the results of a cytotoxicity assay, clone BZ-4 lysed all 5 RCC
cell lines that induced IFN-g secretion.

[0098] Figure 10 depicts schematically the methodology used for the identification of a
tumor antigen.

[0099] Figure 11A, 11B the structure and sequences of CT-RCC8 and CT-RCC9
cDNAs.
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[0100] Figure 12 depicts the localization of CT-RCCS8, CT-RCC9, and HERV 23549 on

chromosome 6.

[0101] Figure 13 depicts the localization of CT-RCC8 and CT-RCC9 sequences on
HERYV ID: 23549 (Chromosome 6: 89367908-89375827).

[0102] Figure 14A, 14B and 14C depict the plasmid constructs for the identification of
the tumor specific antigen recognized by CTL.

[0103] Figure 15A, 15B and 15C depict the results of an ELISA analysis for the
identification of tumor-specific antigenic epitope recognized by CTL.

[0104] Figure 16 depicts plasmid constructs encoding short peptides used for the
identification of tumor specific antigen peptides recognized by CTL.

[0105] Figure 17 depicts ELISA analysis used for the identification of tumor specific
antigenic epitopes recognized by CTL.

[0106] Figure 18 depicts location of a tumor specific antigenic 10mer peptide in the
common region of CT-RCC8 and CT-RCC9.

[0107] Figure 19 depicts the analysis of expression of CT-RCC 8 and CT-RCC 9 in
normal tissues by semi-quantitative RT-PCR.

[0108] Figure 20 depict the analysis of expression of CT-RCC 8 and CT-RCC 9 in
different non RCC cancer cell lines by semi-quantitative RT-PCR.

[0109] Figure 21A and 21B depict the analysis of expression CT-RCC 8 and CT-RCC
9 in different renal cell carcinoma cell lines. (A) Semi-quantitative RT-PCR was performed
using cDNAs prepared from RCC cell lines generated from the tumors of 14 different patients.
cDNAs isolated from EBV-LCL (donor) and fibroblast cells (SAUJ-Fibro) of the patient were
used as controls in a similar manner as described elsewhere. Semi-quantitative RT-PCR showed
expression of CT-RCC 8 and CT-RCC 9 in 8/14 RCC tumor lines tested. (B) Quantitative real-
time PCR was carried out in a total 25 pL of reaction volume containing cDNA, the TagMan
Universal PCR Master Mix (Applied Biosystems), an appropriate primer set and a TagMan
probe.

[0110] Figure 22 depicts the analysis of expression of the common region of CT-RCC §
and CT-RCC 9 in normal tissue by Quantitative real-time PCR.

[0111] Figure 23 shows the analysis of Expression of CT-RCC 8 and CT-RCC 9 in
different cancer cell Lines by semi-quantitative RT-PCR (30-Cycle PCR) (1) and quantitative
real-time PCR (2).
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[0112] Figure 24 shows the analysis of expression of CT-RCC 8 and CT-RCC 9 in

different cancer cell lines by semi-quantitative RT-PCR (30-Cycle PCR) (1) and quantitative
real-time PCR (2).

[0113] Figure 25A and 25B show the analysis of expression of CT-RCC 8 and CT-
RCC 9 in different cancer cell lines by quantitative real-time PCR.

[0114] Figure 26A, 26B, 26C, 26D, 26E and 26F show the expression pattern of CT-
RCC 8 and CT-RCC 9 cDNAs in tumors and nonmalignant tissues and detection of circulating
CT-RCC-1 peptide-specific T-cells after HCT in a patient with metastatic kidney cancer who had
tumor regression after the transplant.

[0115] Figure 27 shows detection of CT-RCC Peptide (ATFLGSLTWK) Reactive CTL
In Bulk CTL Line.

[0116] Figure 28 shows expansion Of HLA-A11/CT-RCC (ATFLGSLTWK) Tetramer-
specific CD8+ Cells In vivo Post HCT

[0117] Figure 29 shows: HLA-A11+ RCC Patients with HCT: #2 (JACSC); Kinetics
of HLA-A11/CT-RCC-1-specific CD8+ cells in unstimulated-PBMCs in a RCC patient before
and after HCT.

[0118] Figure 30 shows: HLA-A11+ RCC Patients with HCT: #3 (HERT); Kinetics of
HLA-A11/CT-RCC-1-specific CD8+ cells in unstimulated-PBMCs in a RCC patient before and
after HCT.

[0119] Figure 31 shows the localization of CT-RCC 8, CT-RCC 9 and HERYV on
Chromosome 6.

[0120] Figure 32 shows characteristic Features of Env/HERV-E, the DNA coding
sequence of Env/HERV-E (SEQ ID NO: 47) and the predicted protein sequence (SEQ ID NO:
48).

[0121] Figure 33 shows expression analysis of Env/HERV-E in renal cell carcinoma by
semi-quantitative RT-PCR.

[0122] Figure 34 shows expression analysis of CT-RCC 8, CT-RCC 9 and Env/HERV-
E in hematopoietic cells by semi-quantitative RT-PCR

[0123] Figure 35 shows expression analysis of Env/HERV-E in cancer cell lines by
semi-quantitative RT-PCR.

DETAILED DESCRIPTION
[0124] The present invention generally relates to a composition and method for
preventing or treating neoplastic disease in a mammalian subject. A composition is provided

which comprises an isolated enriched immune cell population reactive to a human endogenous
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retrovirus type E antigen on a tumor cell, for example, a metastatic solid tumor cell. The isolated
enriched immune cell population can be a CD8" T cell population or a dendritic cell population.
The immune cell population can be an allogeneic cell population or an autologous cell
population. The CDS" T cell population or dendritic cell population includes, but is not limited
to, an HLA-A11" restricted population. A pharmaceutical composition is provided which
comprises a human endogenous retrovirus type E antigen. The human endogenous retrovirus
type E antigen includes an envelop protein, a polymerase protein, or another protein or peptide
fragment or variant thereof derived from this human endogenous retrovirus type E. A method of
treating a neoplastic disease is provided which comprises administering to a mammalian subject
a composition comprising an enriched allogeneic CD8" T cell population reactive to a human
endogenous retrovirus type E antigen, or comprising a pharmaceutical composition comprising a
human endogenous retrovirus type E antigen, in an amount effective to reduce or eliminate the
solid tumor or to prevent its occurrence or recurrence.

[0125] Vaccine protocols according to one aspect, to boost a cytotoxic T-cell response
against this antigen in patients with metastatic RCC. Such strategies could include: (1)
Vaccination with the immunogenic 10 amino acid peptide derived from this CT-RCC gene in
RCC patients who are HLA Al1+; (2) Vaccination with other immunogenic peptides derived
from this CT-RCC gene presented in the context of other HLA class I molecules in RCC
patients; (3) The adoptive infusion of autologous patient or allogeneic donor (in the transplant
setting) CT-RCC specific T-cells expanded in vitro with tumor specific cytotoxity; and (4) The
adoptive infusion of autologous patient or allogeneic donor (in the transplant setting) dendritic
cells that have been transfected with the entire common sequence region or other c-DNAs
derived from the CT-RCC gene, or RNA derived from this gene.

[0126] Clinical evidence suggests that transplanted donor immune cells mediate
regression of metastatic renal cell carcinoma (RCC) following allogeneic stem cell
transplantation (HCT). RCC-reactive CD8" T-cells were detected by ELISPOT analysis in the
blood of patients with metastatic RCC following HCT that were absent before transplantation. In
one responding patient, cytotoxic T-lymphocytes and T-cell clones with RCC-specific tumor
cytotoxicity were isolated from the blood after transplantation. Utilizing cDNA expression
cloning, an HLA-AT11-restricted 10-mer peptide (named CT-RCC-1) was identified as the target
antigen of these RCC-specific T-cells. CT-RCC-1-specific T-cells were detected by tetramer
analysis in the patient’s blood after tumor regression but not before HCT. The genes encoding
this antigen were derived from a human endogenous retrovirus (HERV)-E and were found to be

expressed in 8/14 RCC cell lines and fresh RCC tissue but not normal tissues. This is the first
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solid tumor antigen identified using allogeneic T-cells from a patient undergoing HCT. These
data suggest this HERV-derived antigen over-expressed in RCC is immunogenic and a potential
target for RCC immunotherapy.

[0127] We describe herein, inter alia, the identification of novel HLA A-11 epitopes of
an endogenous HERYV that are important for immune based therapies in the treatment of cancer.
We have demonstrated the ability of these epitopes to activate human T cells as measured by
IFN-y production. In particular, one epitope, ATFLGSLTWK (SEQ ID NO: 1), at nucleotide
position 104 - 133, demonstrated the highest level of binding the HLA A-11 and which induced
the highest level of IFN-y secretion by human T cells.

[0128] The following definitions of certain terms that are used herewith, are set forth
below.

[0129] Asused herein, “molecule” is used generically to encompass any vector,
antibody, protein, drug and the like which are used in therapy and can be detected in a subject by
the methods of the invention. For example, multiple different types of nucleic acid delivery
vectors encoding different types of genes which may act together to promote a therapeutic effect,
or to increase the efficacy or selectivity of gene transfer and/or gene expression in a cell. The
nucleic acid delivery vector may be provided as naked nucleic acids or in a delivery vehicle
associated with one or more molecules for facilitating entry of a nucleic acid into a cell. Suitable
delivery vehicles include, but are not limited to: liposomal formulations, polypeptides;
polysaccharides; lipopolysaccharides, viral formulations (e.g., including viruses, viral particles,
artificial viral envelopes and the like), cell delivery vehicles, and the like.

[0130] As used herein, the term “administering a molecule to a cell” (e.g., an
expression vector, nucleic acid, cytokines, a delivery vehicle, agent, and the like) refers to
transducing, transfecting, microinjecting, electroporating, or shooting, the cell with the molecule.
In some aspects, molecules are introduced into a target cell by contacting the target cell with a
delivery cell (e.g., by cell fusion or by lysing the delivery cell when it is in proximity to the
target cell).

[0131] The term “or” may be inclusive or exclusive.

[0132] A “genetic modification” refers to any addition, deletion or disruption to a cell’s
normal nucleotides. Any method which can achieve the genetic modification of APCs are within
the spirit and scope of this invention. Art recognized methods include viral mediated gene
transfer, liposome mediated transfer, transformation, transfection and transduction.

[0133] The terms “nucleic acid molecule” or “polynucleotide” will be used

interchangeably throughout the specification, unless otherwise specified. As used herein,
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“nucleic acid molecule” refers to the phosphate ester polymeric form of ribonucleosides
(adenosine, guanosine, uridine or cytidine; “RNA molecules”) or deoxyribonucleosides
(deoxyadenosine, deoxyguanosine, deoxythymidine, or deoxycytidine; “DNA molecules™), or
any phosphoester analogues thereof, such as phosphorothioates and thioesters, in either single
stranded form, or a double-stranded helix. Double stranded DNA-DNA, DNA-RNA and RNA-
RNA helices are possible. The term nucleic acid molecule, and in particular DNA or RNA
molecule, refers only to the primary and secondary structure of the molecule, and does not limit
it to any particular tertiary forms. Thus, this term includes double-stranded DNA found, inter
alia, in linear or circular DNA molecules (e.g., restriction fragments), plasmids, and
chromosomes. In discussing the structure of particular double-stranded DNA molecules,
sequences may be described herein according to the normal convention of giving only the
sequence in the 5’ to 37 direction along the nontranscribed strand of DNA (e.g., the strand having
a sequence homologous to the mRNA). A “recombinant DNA molecule” is a DNA molecule
that has undergone a molecular biological manipulation.

[0134] It must be noted that as used herein and in the appended claims, the singular

(13 2% ¢
a

forms an,” and “the” include plural reference unless the context clearly dictates otherwise.
Thus, for example, reference to “a host cell” includes a plurality of such host cells, reference to
the “antibody” is a reference to one or more antibodies and equivalents therecof known to those
skilled in the art, and so forth.

[0135] As used herein, the term “fragment or segment,” as applied to a nucleic acid
sequence, gene or polypeptide, will ordinarily be at least about 5 contiguous nucleic acid bases
(for nucleic acid sequence or gene) or amino acids (for polypeptides), typically at least about 10
contiguous nucleic acid bases or amino acids, more typically at least about 20 contiguous nucleic
acid bases or amino acids, usually at least about 30 contiguous nucleic acid bases or amino acids,
preferably at least about 40 contiguous nucleic acid bases or amino acids, more preferably at
least about 50 contiguous nucleic acid bases or amino acids, and even more preferably at least
about 60 to 80 or more contiguous nucleic acid bases or amino acids in length. “Overlapping
fragments” as used herein, refer to contiguous nucleic acid or peptide fragments which begin at
the amino terminal end of a nucleic acid or protein and end at the carboxy terminal end of the
nucleic acid or protein. Each nucleic acid or peptide fragment has at least about one contiguous
nucleic acid or amino acid position in common with the next nucleic acid or peptide fragment,
more preferably at least about three contiguous nucleic acid bases or amino acid positions in

common, most preferably at least about ten contiguous nucleic acid bases amino acid positions in

common.
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[0136] A significant “fragment” in a nucleic acid context is a contiguous segment of at
least about 17 nucleotides, generally at least 20 nucleotides, more generally at least 23
nucleotides, ordinarily at least 26 nucleotides, more ordinarily at least 29 nucleotides, often at
least 32 nucleotides, more often at least 35 nucleotides, typically at least 38 nucleotides, more
typically at least 41 nucleotides, usually at least 44 nucleotides, more usually at least 47
nucleotides, preferably at least 50 nucleotides, more preferably at least 53 nucleotides, and in
particularly embodiments will be at least 56 or more nucleotides.

[0137] A “vector” is a composition which can transduce, transfect, transform or infect a
cell, thereby causing the cell to express nucleic acids and/or proteins other than those native to
the cell, or in a manner not native to the cell. A cell is “transduced” by a nucleic acid when the
nucleic acid is translocated into the cell from the extracellular environment. Any method of
transferring a nucleic acid into the cell may be used; the term, unless otherwise indicated, does
not imply any particular method of delivering a nucleic acid into a cell. A cell is “transformed”
by a nucleic acid when the nucleic acid is transduced into the cell and stably replicated. A vector
includes a nucleic acid (ordinarily RNA or DNA) to be expressed by the cell. A vector
optionally includes materials to aid in achieving entry of the nucleic acid into the cell, such as a
viral particle, liposome, protein coating or the like. A “cell transduction vector” is a vector
which encodes a nucleic acid capable of stable replication and expression in a cell once the
nucleic acid is transduced into the cell.

[0138] “Transcriptional regulatory sequence” is a generic term used throughout the
specification to refer to DNA sequences, such as initiation signals, enhancers, promoters,
silencing elements, which induce, inhibit or control transcription of protein coding sequences
with which they are operably linked.

[0139] “HERYV tumor” refers to any tumor expressing a human endogenous retrovirus
(HERV) antigen. For example, certain renal cell carcinoma tumors described herein express
antigens derived from a HERV, e.g., HERV-E.

[0140] As used herein, the term “downstream” when used in reference to a direction
along a nucleotide sequence means in the direction from the 5’ to the 3’ end. Similarly, the term
“upstream” means in the direction from the 3’ to the 5° end.

[0141] As used herein, the term “gene” means the gene and all currently known
variants thereof and any further variants which may be elucidated.

[0142] The term “variant,” when used in the context of a polynucleotide sequence, may
encompass a polynucleotide sequence related to a wild type gene. This definition may also
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include, for example, “allelic,” “splice,” “species,” or “polymorphic” variants. A splice variant

-23 -



WO 2007/109583 PCT/US2007/064237

may have significant identity to a reference molecule, but will generally have a greater or lesser
number of polynucleotides due to alternate splicing of exons during mRNA processing. The
corresponding polypeptide may possess additional functional domains or an absence of domains.
Species variants are polynucleotide sequences that vary from one species to another. Of
particular utility in the invention are variants of wild type target genes. Variants may result from
at least one mutation in the nucleic acid sequence and may result in altered mRNAS or in
polypeptides whose structure or function may or may not be altered. Any given natural or
recombinant gene may have none, one, or many allelic forms. Common mutational changes that
give rise to variants are generally ascribed to natural deletions, additions, or substitutions of
nucleotides. Each of these types of changes may occur alone, or in combination with the others,
one or more times in a given sequence.

[0143] Asused herein, “variant” of polypeptides refers to an amino acid sequence that
is altered by one or more amino acid residues. The variant may have “conservative” changes,
wherein a substituted amino acid has similar structural or chemical properties (e.g., replacement
of leucine with isoleucine). More rarely, a variant may have “nonconservative” changes (e.g.,
replacement of glycine with tryptophan). Analogous minor variations may also include amino
acid deletions or insertions, or both. Guidance in determining which amino acid residues may be
substituted, inserted, or deleted without abolishing biological activity may be found using
computer programs well known in the art, for example, LASERGENE software (DNASTAR).

[0144] The resulting polypeptides generally will have significant amino acid identity
relative to each other. A polymorphic variant is a variation in the polynucleotide sequence of a
particular gene between subjects of a given species. Polymorphic variants also may encompass
“single nucleotide polymorphisms” (SNPs,) or single base mutations in which the polynucleotide
sequence varies by one base.

[0145] The terms, “complementary” or “complements” are used interchangeably
throughout and mean that two sequences are complementary when the sequence of one can bind
to the sequence of the other in an anti-parallel sense wherein the 3’-end of each sequence binds
to the 5’-end of the other sequence and each A, T(U), G, and C of one sequence is then aligned
with a T(U), A, C, and G, respectively, of the other sequence. Normally, the complementary
sequence of the oligonucleotide has at least 80% or 90%, preferably 95%, most preferably 100%,
complementarity to a defined sequence. Preferably, alleles or variants thereof can be identified.
A BLAST program also can be employed to assess such sequence identity.

[0146] The term “complementary sequence,” as it refers to a polynucleotide sequence,

relates to the base sequence in another nucleic acid molecule by the base-pairing rules. More
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particularly, the term or like term refers to the hybridization or base pairing between nucleotides
or nucleic acids, such as, for instance, between the two strands of a double stranded DNA
molecule or between an oligonucleotide primer and a primer binding site on a single stranded
nucleic acid to be sequenced or amplified. Complementary nucleotides are, generally, A and T
(or A and U), or C and G. Two single stranded RNA or DNA molecules are said to be
substantially complementary when the nucleotides of one strand, optimally aligned and
compared and with appropriate nucleotide insertions or deletions, pair with at least about 95% of
the nucleotides of the other strand, usually at least about 98%, and more preferably from about
99 % to about 100%. Complementary polynucleotide sequences can be identified by a variety of
approaches including use of well-known computer algorithms and software, for example the
BLAST program.

[0147] The term “substantial sequence identity,” when used in connection with
peptides/amino acid sequences, refers to peptides/amino acid sequences, which are substantially
identical to or similar in sequence, giving rise to a sequence identity in conformation and thus to
similar biological activity. The term is not intended to imply a common evolution of the
sequences.

[0148] Typically, peptides/amino acid sequences having “substantial sequence identity”
are sequences that are at least 50%, more preferably at least 80%, identical in sequence, at least
over any regions known to be involved in the desired activity. Most preferably, no more than
five residues, other than at the termini, are different. Preferably, the divergence in sequence, at
least in the aforementioned regions, is in the form of “conservative modifications.”

[0149] To determine the percent sequence identity of two peptides/ amino acid
sequences or of two nucleic acid sequences, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in one or both of a first and a second amino acid or
nucleic acid sequence for optimal alignment and non-homologous sequences can be disregarded
for comparison purposes). For example, the length of a reference sequence aligned for
comparison purposes is at least 30%, preferably at least 40%, more preferably at least 50%, even
more preferably at least 60%, and even more preferably at least 70%, 80%, or 90% of the length
of the reference sequence (e.g., when aligning a second sequence to the first amino acid sequence
which has for example 100 amino acid residues, at least 30, preferably at least 40, more
preferably at least 50, even more preferably at least 60, and even more preferably at least 70, 80
or 90 amino acid residues are aligned). The amino acid residues or nucleotides at corresponding
amino acid positions or nucleotide positions are then compared. When a position in the first

sequence is occupied by the same amino acid residue or nucleotide as the corresponding position
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in the second sequence, then the molecules are identical at that position (as used herein amino
acid or nucleic acid “identity” is equivalent to amino acid or nucleic acid “sequence identity™).
The percent identity between the two sequences is a function of the number of identical positions
shared by the sequences, taking into account the number of gaps, and the length of each gap,
which need to be introduced for optimal alignment of the two sequences.

[0150] The terms “protein” and “polypeptide” are used interchangeably herein. The
term “peptide” is used herein to refer to a chain of two or more amino acids or amino acid
analogs (including non-naturally occurring amino acids), with adjacent amino acids joined by
peptide ((NHCO-) bonds. Thus, the peptides of the invention include oligopeptides,
polypeptides, proteins, mimetopes and peptidomimetics. Methods for preparing mimetopes and
peptidomimetics are known in the art.

[0151] The terms “mimetope” and “peptidomimetic” are used interchangeably herein.
A “mimetope” of a compound X refers to a compound in which chemical structures of X
necessary for functional activity of X have been replaced with other chemical structures which
mimic the conformation of X. Examples of peptidomimetics include peptidic compounds in
which the peptide backbone is substituted with one or more benzodiazepine molecules (see e.g.,
James, G.L. et al. (1993) Science 260:1937-1942) and “retro-inverso” peptides (see U.S. Patent
No. 4,522,752 to Sisto). The terms “mimetope” and “peptidomimetic” also refer to a moiety,
other than a naturally occurring amino acid, that conformationally and functionally serves as a
substitute for a particular amino acid in a peptide-containing compound without adversely
interfering to a significant extent with the function of the peptide. Examples of amino acid
mimetics include D-amino acids. Peptides substituted with one or more D-amino acids may be
made using well known peptide synthesis procedures. Additional substitutions include amino
acid analogs having variant side chains with functional groups, for example, b-cyanoalanine,
canavanine, djenkolic acid, norleucine, 3-phosphoserine, homoserine, dihydroxyphenylalanine,
5-hydroxytryptophan, 1-methylhistidine, or 3-methylhistidine.

[0152] As used herein an “analog” of a compound X refers to a compound which
retains chemical structures of X necessary for functional activity of X, yet which also contains
certain chemical structures which differ from X. An example of an analog of a naturally-
occurring peptide is a peptide which includes one or more non-naturally-occurring amino acids.
The term “analog” is also intended to include modified mimetopes and/or peptidomimetics,
modified peptides and polypeptides, and allelic variants of peptides and polypeptides. Analogs
of a peptide will therefore produce a peptide analog that is substantially homologous or, in other

words, has substantial sequence identity to the original peptide. The term “amino acid” includes
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its art recognized meaning. Preferred amino acids include the naturally occurring amino acids,
as well as synthetic derivatives, and amino acids derived from proteins, e.g., proteins such as
casein, e.g., casamino acids, or enzymatic or chemical digests of, e.g., yeast, an animal product,
e.g., ameat digest, or a plant product, e.g., soy protein, cottonseed protein, or a corn steep liquor
(see, e.g., Traders' Guide to Fermentation Media, Traders Protein, Memphis, TN (1988),
Biotechnology: A Textbook of Industrial Microbiology, Sinauer Associates, Sunderland, MA
(1989), and Product Data Sheet for Corn Steep Liquor, Grain Processing Corp., 10).

[0153] Recombinant polypeptides of the present invention may be prepared by
processes well known in the art from genetically engineered host cells comprising expression
systems. Accordingly, in a further aspect, the present invention relates to expression systems
which comprise a polynucleotide or polynucleotides of the present invention, to host cells which
are genetically engineered with such expression systems and to the production of polypeptides of
the invention by recombinant techniques. Cell-free translation systems can also be employed to
produce such proteins using RNAs derived from the DNA constructs of the present invention.

[0154] For recombinant production, host cells can be genetically engineered to
incorporate expression systems or portions thereof for polynucleotides of the present invention.
Introduction of polynucleotides into host cells can be effected by methods described in many
standard laboratory manuals, such as Davis et al., Basic Methods in Molecular Biology (1986)
and Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989). Preferred such methods include, for
instance, calcium phosphate transfection, DEAE-dextran mediated transfection, transfection,
microinjection, cationic lipid-mediated transfection, electroporation, transduction, scrape
loading, ballistic introduction or infection.

[0155] A “heterologous” component refers to a component that is introduced into or
produced within a different entity from that in which it is naturally located. For example, a
polynucleotide derived from one organism and introduced by genetic engineering techniques into
a different organism is a heterologous polynucleotide that if expressed can encode a heterologous
polypeptide. Similarly, a promoter or enhancer that is removed from its native coding sequence
and operably linked to a different coding sequence is a heterologous promoter or enhancer.
Possible alternative terminology includes “foreign” or “exogenous”. A heterologous nucleotide
sequence may encode a sequence of amino acids, e.g. a peptide or a polypeptide.

[0156] A “promoter,” as used herein, refers to a polynucleotide sequence that controls
transcription of a gene or coding sequence to which it is operably linked. A large number of

promoters, including constitutive, inducible and repressible promoters, from a variety of different
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sources, are well known in the art and are available as or within cloned polynucleotide sequences
(from, e.g., depositories such as the ATCC as well as other commercial or subject sources).

[0157] An “enhancer,” as used herein, refers to a polynucleotide sequence that
enhances transcription of a gene or coding sequence to which it is operably linked. A large
number of enhancers, from a variety of different sources are well known in the art and available
as or within cloned polynucleotide sequences (from, e.g., depositories such as the ATCC as well
as other commercial or subject sources). A number of polynucleotides comprising promoter
sequences (such as the commonly-used CMV promoter) also comprise enhancer sequences.

[0158] “Operably linked” refers to a juxtaposition, wherein the components so
described are in a relationship permitting them to function in their intended manner. A promoter
is operably linked to a coding sequence if the promoter controls transcription of the coding
sequence. Although an operably linked promoter is generally located upstream of the coding
sequence, it is not necessarily contiguous with it. An enhancer is operably linked to a coding
sequence if the enhancer increases transcription of the coding sequence. Operably linked
enhancers can be located upstream, within or downstream of coding sequences. A
polyadenylation sequence is operably linked to a coding sequence if it is located at the
downstream end of the coding sequence such that transcription proceeds through the coding
sequence into the polyadenylation sequence.

[0159] “Gene delivery,” “gene transfer,” and the like as used herein, are terms referring
to the introduction of an exogenous polynucleotide (sometimes referred to as a “transgenes”) into
a host cell, irrespective of the method used for the introduction. Such methods include a variety
of well-known techniques such as vector-mediated gene transfer (by, e.g., viral
infection/transfection, or various other protein-based or lipid-based gene delivery complexes) as
well as techniques facilitating the delivery of “naked” polynucleotides (such as electroporation,
“gene gun” delivery and various other techniques used for the introduction of polynucleotides).
The introduced polynucleotide may be stably or transiently maintained in the host cell. Stable
maintenance typically requires that the introduced polynucleotide either contains an origin of
replication compatible with the host cell or integrates into a replicon of the host cell such as an
extrachromosomal replicon (e.g., a plasmid) or a nuclear or mitochondrial chromosome. A
number of vectors are known to be capable of mediating transfer of genes to mammalian cells, as
is known in the art and described herein.

[0160] As used herein, a “target cell” or “recipient cell” refers to a subject cell or cell
which is desired to be, or has been, a recipient of exogenous nucleic acid molecules,

polynucleotides and/or proteins. The term is also intended to include progeny of a single cell.
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[0161] ““In vivo” gene delivery, gene transfer, gene therapy and the like as used herein,
are terms referring to the introduction of a vector comprising an exogenous polynucleotide
directly into the body of an organism, such as a human or non-human mammal, whereby the
exogenous polynucleotide is introduced to a cell of such organism in vivo.

[0162] A cell is “transduced” by a nucleic acid when the nucleic acid is translocated
into the cell from the extracellular environment. Any method of transferring a nucleic acid into
the cell may be used; the term, unless otherwise indicated, does not imply any particular method
of delivering a nucleic acid into a cell. A cell is “transformed” by a nucleic acid when the
nucleic acid is transduced into the cell and stably replicated. A vector includes a nucleic acid
(ordinarily RNA or DNA) to be expressed by the cell. A vector optionally includes materials to
aid in achieving entry of the nucleic acid into the cell, such as a viral particle, liposome, protein
coating or the like. A “cell transduction vector” is a vector which encodes a nucleic acid capable
of stable replication and expression in a cell once the nucleic acid is transduced into the cell.

[0163] As used herein, “homologous recombination” means a nucleotide sequence on
one vector is homologous to a nucleotide sequence on another vector. Using restriction enzymes
to cut the two sequences and ligating the two sequences results in the two vectors combining.
Typically, several kilobases of unaltered flanking DNA (both at the 5* and 3’ ends) are included
in the vector (see, e.g., Thomas and Capecchi, Cell, 51:503 (1987) for a description of
homologous recombination vectors).

[0164] Homologous nucleic acid sequences, when compared, exhibit significant
sequence identity or similarity. The standards for sequence identity in nucleic acids are either
measures for sequence identity generally used in the art by sequence comparison or based upon
hybridization conditions. The hybridization conditions are described in greater detail below.

[0165] Sequence homology and sequence identity are used interchangeably herein.

[0166] “Stringency” is meant the combination of conditions to which nucleic acids are
subject that cause the duplex to dissociate, such as temperature, ionic strength, and concentration
of additives such as formamide. Conditions that are more likely to cause the duplex to dissociate
are called “higher stringency”, e.g. higher temperature, lower ionic strength and higher
concentration of formamide.

[0167] For applications requiring high selectivity, one will typically desire to employ
relatively stringent conditions to form the hybrids, e.g., one will select relatively low salt and/or
high temperature conditions, such as provided by about 0.02 M to about 0.10 M NaCl at
temperatures of about 50° C to about 70° C.
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[0168] For certain applications, it is appreciated that lower stringency conditions are
required. Under these conditions, hybridization may occur even though the sequences of probe
and target strand are not perfectly complementary, but are mismatched at one or more positions.
Conditions may be rendered less stringent by increasing salt concentration and decreasing
temperature. For example, a medium stringency condition could be provided by about 0.1 to
0.25 M NacCl at temperatures of about 37° C. to about 55° C., while a low stringency condition
could be provided by about 0.15 M to about 0.9 M salt, at temperatures ranging from about 20°
C. to about 55° C. Thus, hybridization conditions can be readily manipulated depending on the
desired results.

[0169] The phrase “hybridizing conditions” and its grammatical equivalents, when used
with a maintenance time period, indicates subjecting the hybridization reaction admixture, in
context of the concentration of the reactants and accompanying reagents in the admixture, to
time, temperature, pH conditions sufficient to allow the polynucleotide probe to anneal with the
target sequence, typically to form the nucleic acid duplex. Such time, temperature and pH
conditions required to accomplish the hybridization depend, as is well known in the art on the
length of the polynucleotide probe to be hybridized, the degree of complementarity between the
polynucleotide probe and the target, the guanidine and cytosine content of the polynucleotide,
the stringency of the hybridization desired, and the presence of salts or additional reagents in the
hybridization reaction admixture as may affect the kinetics of hybridization. Methods for
optimizing hybridization conditions for a given hybridization reaction admixture are well known
in the art.

[0170] As used herein, “substantial sequence identity” in the nucleic acid sequence
comparison context means cither that the segments, or their complementary strands, when
compared, are identical when optimally aligned, with appropriate nucleotide insertions or
deletions, in at least about 50% of the nucleotides, generally at least 56%, more generally at least
59%, ordinarily at least 62%, more ordinarily at least 65%, often at least 68%, more often at least
71%, typically at least 74%, more typically at least 77%, usually at least 80%, more usually at
least about 85%, preferably at least about 90%, more preferably at least about 95 to 98% or
more, and in particular embodiments, as high at about 99% or more of the nucleotides.
Alternatively, substantial sequence identity exists when the segments will hybridize under
selective hybridization conditions, to a strand, or its complement, typically using a fragment
derived from SEQ ID NO: 1. Typically, selective hybridization will occur when there is at least
about 55% sequence identity over a stretch of at least about 14 nucleotides, preferably at least

about 65%, more preferably at least about 75%, and most preferably at least about 90%. See
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Kanehisa (1984) Nuc. Acids Res. 12:203-213. The length of sequence identity comparison, as

described, may be over longer stretches, and in certain embodiments will be over a stretch of at
least about 17 nucleotides, usually at least about 20 nucleotides, more usually at least about 24
nucleotides, typically at least about 28 nucleotides, more typically at least about 40 nucleotides,
preferably at least about 50 nucleotides, and more preferably at least about 75 to 100 or more
nucleotides. The endpoints of the segments may be at many different pair combinations. In
determining sequence identity or percent homology the below discussed protocols and programs
for sequence similarity are suitably employed including the BLAST algorithm.

[0171] The term “polymorphism” refers to the coexistence of more than one form of a
gene or portion (e.g., allelic variant) thereof. A portion of a gene of which there are at least two
different forms, e.g., two different nucleotide sequences, is referred to as a “polymorphic region
of'a gene”. A specific genetic sequence at a polymorphic region of a gene is an allele. A
polymorphic region can be a single nucleotide, the identity of which differs in different alleles.
A polymorphic region can also be several nucleotides long.

[0172] The nucleic acid and protein sequences of the present invention can further be
used as a “query sequence” to perform a search against public databases to identify, for example,
other family members or related sequences. Such searches can be performed using the NBLAST
and XBLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol. Biol. 215:403-10.
BLAST nucleotide searches can be performed with the NBLAST program, score = 100,
wordlength = 12 to obtain nucleotide sequences homologous to NIP2b, NIP2cL, and NIP2¢S
nucleic acid molecules of the invention. BLAST protein searches can be performed with the
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences homologous to
NIP2b, NIP2cL, and NIP2cS protein molecules of the invention. To obtain gapped alignments
for comparison purposes, Gapped BLAST can be utilized as described in Altschul et al., (1997)
Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs,
the default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used.
See http://www.ncbi.nlm.nih.gov.

[0173] Sequence similarity searches can be also performed manually or by using
several available computer programs known to those skilled in the art. Preferably, Blast and
Smith-Waterman algorithms, which are available and known to those skilled in the art, and the
like can be used. Blast is NCBI's sequence similarity search tool designed to support analysis of
nucleotide and protein sequence databases. The GCG Package provides a local version of Blast
that can be used either with public domain databases or with any locally available searchable

database. GCG Package v9.0 is a commercially available software package that contains over
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100 interrelated software programs that enables analysis of sequences by editing, mapping,
comparing and aligning them. Other programs included in the GCG Package include, for
example, programs which facilitate RNA secondary structure predictions, nucleic acid fragment
assembly, and evolutionary analysis. In addition, the most prominent genetic databases
(GenBank, EMBL, PIR, and SWISS-PROT) are distributed along with the GCG Package and are
fully accessible with the database searching and manipulation programs. GCG can be accessed
through the Internet at, for example, http://www.gcg.com/. Fetch is a tool available in GCG that
can get annotated GenBank records based on accession numbers and is similar to Entrez.
Another sequence similarity search can be performed with GeneWorld and GeneThesaurus from
Pangea. GeneWorld 2.5 is an automated, flexible, high-throughput application for analysis of
polynucleotide and protein sequences. GeneWorld allows for automatic analysis and annotations
of sequences. Like GCG, GeneWorld incorporates several tools for sequence identity searching,
gene finding, multiple sequence alignment, secondary structure prediction, and motif
identification. GeneThesaurus 1.0™ is a sequence and annotation data subscription service
providing information from multiple sources, providing a relational data model for public and
local data.

[0174] Another alternative sequence similarity search can be performed, for example,
by BlastParse. BlastParse is a PERL script running on a UNIX platform that automates the
strategy described above. BlastParse takes a list of target accession numbers of interest and
parses all the GenBank fields into “tab-delimited” text that can then be saved in a “relational
database” format for easier search and analysis, which provides flexibility. The end result is a
series of completely parsed GenBank records that can be easily sorted, filtered, and queried
against, as well as an annotations-relational database.

[0175] As used herein, the term “specifically hybridizes” or “specifically detects” refers
to the ability of a nucleic acid molecule to hybridize to at least approximately 6 consecutive
nucleotides of a sample nucleic acid.

[0176] “Substantially purified” refers to nucleic acid molecules or proteins that are
removed from their natural environment and are isolated or separated, and are at least about 60%
free, preferably about 75% free, and most preferably about 90% free, from other components
with which they are naturally associated.

[0177] An “antigen” is any substance that reacts specifically with antibodies or T
lymphocytes (T cells). An “antigen-binding site” is the part of an immunoglobulin molecule that
specifically binds an antigen. Additionally, an antigen-binding site includes any such site on any

antigen-binding molecule, including, but not limited to, an MHC molecule or T cell receptor.
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“Antigen processing” refers to the degradation of an antigen into fragments (e.g., the degradation
of a protein into peptides) and the association of one or more of these fragments (e.g., via
binding) with MHC molecules for presentation by “antigen-presenting cells” to specific T cells.

[0178] “Dendritic cells” (DC) are potent antigen-presenting cells, capable of triggering
a robust adaptive immune response iz vivo. It has been shown that activated, mature DC provide
the signals required for T cell activation and proliferation. These signals can be categorized into
two types. The first type, which gives specificity to the immune response, is mediated through
interaction between the T-cell receptor/CD3 (“TCR/CD3”) complex and an antigenic peptide
presented by a major histocompatibility complex (“MHC” defined above) class I or II protein on
the surface of APCs. The second type of signal, called a co-stimulatory signal, is neither
antigen-specific nor MHC- restricted, and can lead to a full proliferation response of T cells and
induction of T cell effector functions in the presence of the first type of signals. This two-fold
signaling can, therefore, result in a vigorous immune response. As noted supra, in most non-
avian vertebrates, DC arise from bone marrow-derived precursors. Immature DC are found in
the peripheral blood and cord blood and in the thymus. Additional immature populations may be
present elsewhere. DC of various stages of maturity are also found in the spleen, lymph nodes,
tonsils, and human intestine. Avian DC may also be found in the bursa of Fabricius, a primary
immune organ unique to avians. In a embodiment, the dendritic cells of the present invention are
mammalian, preferably human, mouse, or rat.

[0179] A “co-stimulatory molecule” encompasses any single molecule or combination
of molecules which, when acting together with a peptide/MHC complex bound by a T cell
receptor on the surface of a T cell, provides a co-stimulatory effect which achieves activation of
the T cell that binds the peptide.

[0180] As used herein, “immunoreceptors” will refer to class | MHC (HLA-A, -B, -C, -
G) and the like) and other immune related receptors, such as for example Gp49, PIR, PIRA,
PIRB, LIR, NKR-P1, NKp46, Digrl, ILT, MIR, KIR and the like. MHC may also include other
classes such as MHC class II and MHC class 111, derivatives and mutants therecof. The human
MHC complex is also called the human leukocyte antigen (HLA) complex. MHC antigens are
divided into MHC class I antigens (in humans, this class includes HLA-A, -B, and -C antigens)
and MHC class II antigens (in humans, this class includes HLA-DP, -DQ, and -DR antigens).
Thus, the terms “MHC-II antigens”, “MHC class II antigens”, and “MHC class II transplantation
antigens” are used interchangeably herein to refer to the class of proteins, which in humans,
includes HLA-DP, -DQ and -DR antigens. While the terms “MHC class II genes” and “MHC-I1

genes” are used interchangeably herein to refer to the genes which encode the MHC class 11
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transplantation antigens. The term “MHC-II” is used herein to refer to the gene locus which
encodes the MHC class II transplantation antigens, as well as the group of proteins encoded by
that locus. Transplantation antigens also include cell surface molecules other than MHC class |
and II antigens. These antigens include the following: (1) the ABO antigens involved in blood
cell recognition; (2) cell adhesion molecules such as ICAM, which is involved in leukocyte cell-
cell recognition; and (3) B2 -microglobulin, a polypeptide associated with the 44 kd heavy chain
polypeptide that comprises the HLA-I antigens but is not encoded by the MHC complex. HLA
haplotypes/allotypes vary from subject to subject and it is often helpful to determine the subject’s
HLA type. The HLA type may be determined via standard typing procedures and the peripheral
blood lymphocytes (PBLs) purified by Ficoll gradients.

[0181] “Diagnostic” or “diagnosed” means identifying the presence or nature of a
pathologic condition. Diagnostic methods differ in their sensitivity and specificity. The
“sensitivity” of a diagnostic assay is the percentage of diseased subjects who test positive
(percent of “true positives”). Discased subjects not detected by the assay are “false negatives.”
Subjects who are not diseased and who test negative in the assay, are termed “true negatives.”
The “specificity” of a diagnostic assay is 1 minus the false positive rate, where the “false
positive” rate is defined as the proportion of those without the disease who test positive. While a
particular diagnostic method may not provide a definitive diagnosis of a condition, it suffices if
the method provides a positive indication that aids in diagnosis.

[0182] The terms “subject” or “subject” are used interchangeably herein, and is meant a
mammalian subject to be treated, with human subjects being preferred. In some cases, the
methods of the invention find use in experimental animals, in veterinary application, and in the
development of animal models for disease, including, but not limited to, rodents including mice,
rats, and hamsters; and primates.

[0183] “Label molecules” are chemical or biochemical moieties used for labeling a
polynucleotide, a polypeptide, or an antibody. They include, but are not limited to,
radionuclides, enzymes, substrates, cofactors, inhibitors, fluorescent agents, chromogenic agents,
chemiluminescent agents, magnetic particles, and the like. Reporter molecules specifically bind,
establish the presence of, and allow quantification of a particular polynucleotide, polypeptide, or
antibody.

[0184] “Sample” is used herein in its broadest sense. A sample comprising
polynucleotides, polypeptides, peptides, antibodies and the like may comprise a bodily fluid; a
soluble fraction of a cell preparation, or media in which cells were grown; a chromosome, an

organelle, or membrane isolated or extracted from a cell; genomic DNA, RNA, or cDNA,
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polypeptides, or peptides in solution or bound to a substrate; a cell; a tissue; a tissue print; a
fingerprint, skin or hair; and the like.

[0185] As used herein, “fresh tumors” refer to tumors removed from a host by surgical
or other means.

ERINTS

[0186] As used herein, “proliferative growth disorder, “neoplastic disease,” “tumor”,
“cancer” are used interchangeably as used herein refers to a condition characterized by
uncontrolled, abnormal growth of cells. Preferably the cancer to be treated is HERV positive
cancer and the abnormal proliferation of cells can be any cell in the organ. Examples of cancer
include but are not limited to, carcinoma, blastoma, and sarcoma. As used herein, the term
“carcinoma” refers to a new growth that arises from epithelium, found in skin or, more
commonly, the lining of body organs.

[0187] “Treatment” is an intervention performed with the intention of preventing the
development or altering the pathology or symptoms of a disorder. Accordingly, “treatment”
refers to both therapeutic treatment and prophylactic or preventative measures. “Treatment” may
also be specified as palliative care. Those in need of treatment include those already with the
disorder as well as those in which the disorder is to be prevented. In tumor (e.g., cancer)
treatment, a therapeutic agent may directly decrease the pathology of tumor cells, or render the
tumor cells more susceptible to treatment by other therapeutic agents, e.g., radiation and/or
chemotherapy.

[0188] The term “in need of such treatment™ as used herein refers to a judgment made
by a care giver such as a physician, nurse, or nurse practitioner in the case of humans that a
subject requires or would benefit from treatment. This judgment is made based on a variety of
factors that are in the realm of a care giver’s expertise, but that include the knowledge that the
subject is ill, or will be ill, as the result of a condition that is treatable by the compositions of the
invention.

[0189] “Cells of the immune system” or “immune cells” as used herein, is meant to
include any cells of the immune system that may be assayed, including, but not limited to, B
lymphocytes, also called B cells, T lymphocytes, also called T cells, natural killer (NK) cells,
lymphokine-activated killer (LAK) cells, monocytes, macrophages, neutrophils, granulocytes,
mast cells, platelets, Langerhans cells, stem cells, dendritic cells, peripheral blood mononuclear
cells, tumor-infiltrating (TIL) cells, gene modified immune cells including hybridomas, drug
modified immune cells, and derivatives, precursors or progenitors of the above cell types.

[0190] “Immune effector cells” refers to cells capable of binding an antigen and which

mediate an immune response. These cells include, but are not limited to, T cells (T

-35-



WO 2007/109583 PCT/US2007/064237
lymphocytes), B cells (B lymphocytes), monocytes, macrophages, natural killer (NK) cells and

cytotoxic T lymphocytes (CTLs), for example CTL lines, CTL clones, and CTLs from tumor,
inflammatory, or other infiltrates.

[0191] T cells” or “T lymphocytes™ are a subset of lymphocytes originating in the
thymus and having heterodimeric receptors associated with proteins of the CD3 complex (e.g., a
rearranged T cell receptor, the heterodimeric protein on the T cell surfaces responsible for
antigen/MHC specificity of the cells). T cell responses may be detected by assays for their
effects on other cells (e.g., target cell killing, macrophage, activation, B-cell activation) or for the
cytokines they produce.

[0192] The term “activated T cell,” as used herein, refers to a T cell that expresses
antigens indicative of T-cell activation (that is, T cell activation markers). Examples of T cell
activation markers include, but are not limited to, CD25, CD26, CD30, CD38, CD69, CD70,
CD71, ICOS, 0X-40 and 4-1BB. The expression of activation markers can be measured by
techniques known to those of skill in the art, including, for example, western blot analysis,
northern blot analysis, RT-PCR, immunofluorescence assays, and fluorescence activated cell
sorter (FACS) analysis.

[0193] The term “resting T cell,” as used herein, refers to a T cell that does not express
T-cell activation markers. Resting T cells include, but are not limited to, T cells which are
CD25°, CD69, ICOS’, SLAM’, and 4-1BB". The expression of these markers can be measured
by techniques known to those of skill in the art, including, for example, western blot analysis,
northern blot analysis, RT-PCR, immunofluorescence assays, and fluorescence activated cell
sorter (FACS) analysis.

[0194] “CD4” is a cell surface protein important for recognition by the T cell receptor
of antigenic peptides bound to MHC class Il molecules on the surface of an APC. Upon
activation, naive CD4 T cells differentiate into one of at least two cell types, Thl cells and Th2
cells, each type being characterized by the cytokines it produces. “Thl cells” are primarily
involved in activating macrophages with respect to cellular immunity and the inflammatory
response, whereas “Th2 cells” or “helper T cells” are primarily involved in stimulating B cells to
produce antibodies (humoral immunity). CD4 is the receptor for the human immunodeficiency
virus (HIV). Effector molecules for Thl cells include, but are not limited to, IFN-y, GM-CSF,
TNF-a, CD40 ligand, Fas ligand, IL-3, TNF-f3, and IL-2. Effector molecules for Th2 cells
include, but are not limited to, IL-4, IL-5, CD40 ligand, IL-3, GS-CSF, IL-10, TGF-3, and
cotaxin. Activation of the Th1 type cytokine response can suppress the Th2 type cytokine

reésponsc.
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[0195] “CDS8” is a cell surface protein important for recognition by the T cell receptor
of antigenic peptides bound to MHC class I molecules. CD8 T cells usually become “cytotoxic
T cells” or “killer T cells” and activate macrophages. Effector molecules include, but are not
limited to, perforin, granzymes, Fas ligand, IFN-y, TNF-a, and TNF-f3.

[0196] The terms “specific binding” or “specifically binding”, as used herein, in
reference to the interaction of an antibody and a protein or peptide, mean that the interaction is
dependent upon the presence of a particular structure (e.g., the antigenic determinant or epitope)
on the protein; in other words, the antibody is recognizing and binding to a specific protein
structure rather than to proteins in general. For example, if an antibody is specific for epitope
“A”, the presence of a protein comprising epitope A (or free, unlabeled A) in a reaction
comprising labeled “A” and the antibody will reduce the amount of labeled A bound to the
antibody. “Specific binding” in general, refers to any immune related molecule binding to its
ligand, such as for example the binding of a T cell receptor expressed by a T lymphocyte, to an
MHC molecule and peptide on an antigen presenting cell.

[0197] “Activity,” “activation,” or “augmentation” is the ability of immune cells to
respond and exhibit, on a measurable level, an immune function. Measuring the degree of
activation refers to a quantitative assessment of the capacity of immune cells to express enhanced
activity when further stimulated as a result of prior activation. The enhanced capacity may result
from biochemical changes occurring during the activation process that allow the immune cells to
be stimulated to activity in response to low doses of stimulants.

[0198] Immune cell activity that may be measured include, but is not limited to, (1) cell
proliferation by measuring the cell or DNA replication; (2) enhanced cytokine production,
including specific measurements for cytokines, such as IFN-y, GM-CSF, or TNF-a; (3) cell
mediated target killing or lysis; (4) cell differentiation; (5) immunoglobulin production; (6)
phenotypic changes; (7) production of chemotactic factors or chemotaxis, meaning the ability to
respond to a chemotactin with chemotaxis; (8) immunosuppression, by inhibition of the activity
of some other immune cell type; and, (9) apoptosis, which refers to fragmentation of activated
immune cells under certain circumstances, as an indication of abnormal activation.

[0199] An “adjuvant” is any substance capable of enhancing the immune response to an
antigen with which it is mixed. Depending on the host species, various adjuvants may be used to
increase immunological response. Such adjuvants include, but are not limited to, Freund’s,
mineral gels such as aluminum hydroxide, and surface active substances such as lysolecithin,

pluronic polyols, polyanions, peptides, oil emulsions, KLH, and dinitrophenol, as well as BCG
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(bacilli Calmette-Guerin) and Corynabacterium parvum, which are often used in humans, and
ligands of CCR6 and other chemokine receptors.

[0200] A “chemokine” is a small cytokine involved in the migration and activation of
cells, including phagocytes and lymphocytes, and plays a role in inflammatory responses. Three
classes of chemokines have been defined by the arrangement of the conserved cysteine (C)
residues of the mature proteins: the CXC or o chemokines that have one amino acid residue
separating the first two conserved cysteine residues; the CC or f chemokines in which the first
two conserved cysteine residues are adjacent; the C or y chemokines which lack two (the first
and third) of the four conserved cysteine residues. Within the CXC subfamily, the chemokines
can be further divided into two groups. One group of the CXC chemokines have the
characteristic three amino acid sequence ELR (glutamic acid-leucine-arginine) motif
immediately preceding the first cysteine residue near the amino terminus. A second group of
CXC chemokines lack such an ELR domain. The CXC chemokines with the ELR domain
(including IL-8, GROa/B/y, mouse KC, mouse MIP-2, ENA-78, GCP-2, PBP/CTAPIII/ 3 -
TG/NAP-2) act primarily on neutrophils as chemoattractants and activators, inducing neutrophil
degranulation with release of myeloperoxidase and other enzymes. The CXC chemokines
without the ELR domain (e.g., IP-10/mouse CRG, Mig, PBSF/SDF-1, PF4), the CC chemokines
(e.g., MIP-1a, MIP-1 B, RANTES, MCP-1/2/3/4/mouse JE/mouse MARC, eotaxin, [-309/TCA3,
HCC-1, C10), and the C chemokines (e.g., lymphotactin), chemoattract and activate monocytes,
dendritic cells, T-lymphocytes, natural killer cells, B-lymphocytes, basophils, and eosinophils.

[0201] A “cytokine” is a protein made by a cell that affect the behavior of other cells
through a “cytokine receptor” on the surface of the cells the cytokine effects. Cytokines
manufactured by lymphocytes are sometimes termed “lymphokines.” Examples of cytokines
include interleukins, interferons and the like.

[0202] By “immunologically effective” is meant an amount of the peptide or fragment
thereof which is effective to activate an immune response to prevent or treat proliferative cell
growth disorders, such as cancer. Obviously, such amounts will vary between species and
subjects depending on many factors. For example, higher doses will generally be required for an
effective immune response in a human compared with a mouse.

[0203] As used herein, the term “polypeptide” encompasses amino acid chains of any
length, including full length proteins containing the sequences recited herein. A polypeptide
comprising an epitope of a protein containing a sequence as described herein may consist

entirely of the epitope, or may contain additional sequences. The additional sequences may be
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derived from the native protein or may be heterologous, and such sequences may (but need not)
possess immunogenic or antigenic properties.

[0204] As used herein, the term “antibody” refers to a polypeptide or group of
polypeptides which are comprised of at least one binding domain, where an antibody binding
domain is formed from the folding of variable domains of an antibody molecule to form three-
dimensional binding spaces with an internal surface shape and charge distribution
complementary to the features of an antigenic determinant of an antigen, which allows an
immunological reaction with the antigen. Antibodies include recombinant proteins comprising
the binding domains, as wells as fragments, including Fab, Fab’, F(ab),, and F(ab’) , fragments.
The term “antibody,” as used herein, also includes antibody fragments either produced by the
modification of whole antibodies or those synthesized de novo using recombinant DNA
methodologies. It also includes polyclonal antibodies, monoclonal antibodies, chimeric
antibodies, humanized antibodies, or single chain antibodies. “Fc” portion of an antibody refers
to that portion of an immunoglobulin heavy chain that comprises one or more heavy chain
constant region domains, CH;, CH; and CH3, but does not include the heavy chain variable
region.

[0205] An “epitope”, as used herein, is a portion of a polypeptide that is recognized
(e.g., specifically bound) by a B-cell and/or T-cell surface antigen receptor. Epitopes may
generally be identified using well known techniques, such as those summarized in Paul,
Fundamental Immunology, 3rd ed., 243-247 (Raven Press, 1993) and references cited therein.
Such techniques include screening polypeptides derived from the native polypeptide for the
ability to react with antigen-specific antisera and/or T-cell lines or clones. An epitope of a
polypeptide is a portion that reacts with such antisera and/or T-cells at a level that is similar to
the reactivity of the full length polypeptide (e.g., in an ELISA and/or T-cell reactivity assay).
Such screens may generally be performed using methods well known to those of ordinary skill in
the art, such as those described in Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, 1988. B-cell and T-cell epitopes may also be predicted via computer
analysis. Polypeptides comprising an epitope of a polypeptide that is preferentially expressed in
a tumor tissue (with or without additional amino acid sequence) are within the scope of the
present invention.

[0206] As used herein, the term “agonist polypeptide” refers to epitopes in the
polypeptide which activate a stronger immune response than a native polypeptide. Examples of
differences in properties between an agonist polypeptide versus a native polypetide include, but

not limited to a) binding HLA molecules at lower peptide concentrations, (b) demonstrate a
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higher avidity for HLA molecules in dissociation assays, (c¢) when used with antigen-presenting
cells induce the production of more IFN-y by T cells derived with the use of the native peptide.
Increased or augmented immune response are measured as described above.

[0207] Asused herein, “native polypeptide” refers to a polypeptide as found in its
natural environment. For example, a native HERV tumor antigen is expressed by a tumor cell in
a subject.

[0208] In a embodiment, agonist polypeptides generate stronger immune responses, as
compared to the native polypeptide. For example, compared with the native P-92 peptide,
agonist polypeptides (a) bind HLA A-11 at lower peptide concentrations, (b) demonstrate a
higher avidity for HLA A-11 in dissociation assays, (¢) when used with antigen-presenting cells
induce the production of more IFN-y by T cells derived with the use of the native peptide, and
(d) were capable of more efficiently generating HERV—specific human T-cell lines from normal
volunteers and pancreatic cancer subjects. Most importantly, the T-cell lines generated using the
agonist epitope were more efficient than those generated with the native epitope, in the lysis of
targets pulsed with the native epitope and in the lysis of HLA A-11 human tumor cells
expressing HERV.

[0209] In another embodiment, subjects, suffering from or susceptible to tumors,
infectious diseases and the like are treated with autologous antigen presenting cells, such as for
example dendritic cells (DCs), that have been transduced with a viral vector encoding anyone of
the polypeptides as identified by SEQ ID NO: 1 through 22 and 45, fragments or variants
thereof. For example, autologous DCs infected with HERV are used as APC.

[0210] In another embodiment, the invention provides a method for generating an
immune response to a weakly immunogenic antigen comprising administering to a subject an
agonist polypeptide, as identified by any one of SEQ ID NO: 1 through 22 and 45, variants or
fragments thereof, with a high avidity for HLA fused to the weak immunogen.

[0211] In a embodiment, the invention provides an isolated nucleic acid molecule
which encodes an agonist polypeptide antigen derived from a tumor antigen, such as for
example, HERV, wherein the agonist polypeptide stimulates a stronger immune response as
compared to a native polypeptide. Other examples of tumor antigens, include, but are not limited
to HER2/neu, carcinoembryonic antigen (CEA), p53.

[0212] In another embodiment, the invention provides a nucleic acid molecule
comprising a nucleic acid sequence corresponding to any one of the amino acid sequences as

identified by SEQ ID NO: 1 through 22 and 45, fragments or variants thereof.
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[0213] In another embodiment, the invention provides for a vector comprising an
isolated nucleic acid molecule expressing any one of amino acids identified by SEQ ID NO: 1
through 22 and 45, fragments or variants, thereof. The vector optionally encodes encoding
immune cell co-stimulatory molecules, such as for example, B7-1, ICAM-1 and LFA-331.

[0214] In yet another embodiment, the invention provides for the transduction of
dendritic cells with a vector comprising any one of the molecules as identified by SEQ ID NO: 1
through 22 and 45, fragments or variants thereof, and optionally, immune cell co-stimulatory
molecules, such as for example, B7-1, ICAM-1 and LFA-3.35. These recombinant vectors
provide specific anti-tumor effect for subjects who have been diagnosed with HERV tumors.
However, this antigen is merely an illustrative example and is not meant to be construed as
limiting in any way.

[0215] In another embodiment, antigen presenting cells, e.g., dendritic cells,
monocytes, T cell, B cell or hematopoietic cells, of an subject, suffering from or susceptible to,
cancer, are transduced ixn vivo with recombinant vectors expressing agonist polypeptide epitopes.
Antigen presenting cells can be isolated from a subject, cultured ex vivo with a vector, and then
re-infusing the cultured dendritic cells into the subject. For example, culturing of dendritic cells
is described in detail in the examples which follow. Alternatively, the vector may be
administered to a subject in need of such treatment.

[0216] In a embodiment, transduced antigen presenting cells present antigen, for
example, agonist peptide fragments of the HERV antigen on their surface. Lymphocytes,
specific for the presented antigens, are activated, proliferate and recognize tumor cells expressing
the HERYV antigen. Lymphocytes include, B cells, T helper cells and cytotoxic T cells.
Recognition, of any cell expressing antigenic epitopes by the immune cells, results in the
destruction of a tumor cell.

[0217] In another embodiment, the invention provides a nucleic acid vector comprising
one or more nucleic acid sequences encoding polypeptides as identified by any one of SEQ ID
NO: 1 through 22 and 45, fragments or variants thereof, operably linked to an inducible
promoter.

[0218] In another embodiment the nucleic acid vector is a viral vector, plasmid and the
like. Preferably the nucleic acid vector comprises an inducible promoter which is tissue specific,
and optionally, immune cell co-stimulatory molecules.

[0219] In another embodiment, the vector comprising a nucleic acid sequence encoding

any one of the polypeptides identified by SEQ ID NO: 1 through 22 and 45.
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[0220] In another embodiment, the vector codes for any one of the polypeptides
identified by any one of SEQ ID NO: 1 through 22 and 45 having a sequence identity to anyone
one of SEQ ID NO: 1 through 22 and 45 of at least about 10%, more preferably, 25%, even more
preferably about 40%, 50%, 60%, 70%, 80%, 90%, or 99.9%.

[0221] In another embodiment, the invention provides a host cell expressing the
polypeptide products of the vector as identified by any one of SEQ ID NO: 1 through 22 and 45
having a sequence identity to anyone one of SEQ ID NO: 1 through 22 and 45 of at least about
10%, more preferably, 25%, even more preferably about 40%, 50%, 60%, 70%, 80%, 90%, or
99.9%. Preferably the host cell is an antigen presenting cell, such as for example, a
monocyte/macrophage, dendritic cell or the like.

[0222] In accordance with the invention, the transduced dendritic cells present antigen
to cells of the immune system and activate the immune system to recognize tumor antigen
epitopes, such as for example a tumor cell expressing the HERV antigen.

[0223] In a embodiment, the vector is a avipox vector comprising nucleic acid
molecules encoding agonist polypeptides and co-stimulatory molecules, as described in detail in
the examples which follow. Other vectors may also be used. Preferred vectors include viral
vectors, fusion proteins and chemical conjugates. Retroviral vectors include moloney murine
leukemia viruses. DNA viral vectors are preferred. Viral vectors can be chosen to introduce the
genes to cells of choice. Such vectors include pox vectors such as orthopox or avipox vectors,
herpesvirus vectors such as herpes simplex I virus (HSV) vector (Geller et al., 1995, J.
Neurochem., 64:487; Lim et al., 1995, in DNA Cloning: Mammalian Systems, D. Glover, ed.,
Oxford Univ. Press, Oxford, England; Geller et al., 1990, Proc. Natl. Acad. Sci. U.S.A. 87:
1149), other adenovirus vectors (LeGal LaSalle et al., 1993, Science 259: 988; Davidson et al.,
1993, Nat. Genet. 3: 219; Yang et al., 1995, J. Virol. 69: 2004), adeno-associated virus vectors
(Kaplitt et al., 1994, Nat. Genet. 8: 148; Kotin, et al. WO 98/11244 (3/19/1998) and Chiorini, et
al WO 99/61601 (12/2/1999)), or lentiviral vectors (see e.g., US 2006/0057725).

[0224] Pox viral vectors introduce the gene into the cells cytoplasm. Avipox virus
vectors result in only short term expression of the nucleic acid. Adenovirus vectors, adeno-
associated virus vectors and herpes simplex virus vectors are preferred for introducing the
nucleic acid into neural cells. The adenovirus vector results in a shorter term expression (about 2
months) than adeno-associated virus (about 4 months), which in turn is shorter than HSV
vectors. The vectors can be introduced by standard techniques, e.g. infection, transfection,

transduction or transformation. Examples of modes of gene transfer include for example, naked

-4



WO 2007/109583 PCT/US2007/064237
DNA calcium phosphate precipitation, DEAE dextran, electroporation, protoplast fusion,

lipofection, cell microinjection and viral vectors.

[0225] The vector can be employed to target essentially any desired target cell. For
example, stereotaxic injection can be used to direct the vectors (e.g. adenovirus, HSV) to a
desired location. Other methods that can be used include catheters, intravenous, parenteral,
intraperitoneal, and subcutaneous injection, and oral or other known routes of administration.

[0226] Another preferred method is DNA immunization. DNA immunization employs
the subcutancous injection of a plasmid DNA (pDNA) vector encoding a tumor marker. The
pDNA sequence is taken up by antigen presenting cells (APC), preferably by dendritic cells.
Once inside the cell, the DNA encoding protein is transcribed and translated and presented to
lymphocytes.

[0227] Genetic constructs comprise a nucleotide sequence that encodes the nucleic acid
sequence of choice and preferably includes an intracellular trafficking sequence operably linked
to regulatory elements needed for gene expression.

[0228] When taken up by a cell, the genetic construct(s) may remain present in the cell
as a functioning extrachromosomal molecule and/or integrate into the cell’s chromosomal DNA.
DNA may be introduced into cells where it remains as separate genetic material in the form of a
plasmid or plasmids. Alternatively, linear DNA which can integrate into the chromosome may
be introduced into the cell. When introducing DNA into the cell, reagents which promote DNA
integration into chromosomes may be added. DNA sequences which are useful to promote
integration may also be included in the DNA molecule. Alternatively, RNA may be
administered to the cell. It is also contemplated to provide the genetic construct as a linear
minichromosome including a centromere, telomeres and an origin of replication. Gene
constructs may remain part of the genetic material in attenuated live microorganisms or
recombinant microbial vectors which live in cells. Gene constructs may be part of genomes of
recombinant viral vaccines where the genetic material either integrates into the chromosome of
the cell or remains extrachromosomal.

[0229] Genetic constructs include regulatory elements necessary for gene expression of
a nucleic acid molecule. The elements include: a promoter, an initiation codon, a stop codon,
and a polyadenylation signal. In addition, enhancers may be required for gene expression of the
sequence of choice, for example, the agonist polypeptides identified by SEQ ID NO: 1 through
22 and 45, variants or fragments thereof. It is necessary that these elements be operably linked
to the sequence that encodes the desired proteins and that the regulatory elements are operable in

the subject to whom they are administered.
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[0230] Initiation codons and stop codons are generally considered to be part of a
nucleotide sequence that encodes the immunogenic target protein. However, it is necessary that
these elements are functional in the subject to whom the gene construct is administered. The
initiation and termination codons must be in frame with the coding sequence.

[0231] Promoters and polyadenylation signals used must be functional within the cells
of the subject.

[0232] Examples of promoters useful to practice the present invention, especially in the
production of a genetic vaccine for humans, include but are not limited to promoters from Simian
Virus 40 (SV40), Mouse Mammary Tumor Virus (MMTV) promoter, Human Immunodeficiency
Virus (HIV) such as the HIV Long Terminal Repeat (LTR) promoter, Moloney virus, ALV,
Cytomegalovirus (CMV) such as the CMV immediate early promoter, Epstein Barr Virus
(EBV), Rous Sarcoma Virus (RSV) as well as promoters from human genes such as human
Actin, human Myosin, human Hemoglobin, human muscle creatine and human metallothionein.

[0233] Examples of polyadenylation signals useful to practice the present invention,
especially in the production of a genetic vaccine for humans, include but are not limited to SV40
polyadenylation signals and LTR polyadenylation signals.

[0234] In addition to the regulatory elements required for DNA expression, other
elements may also be included in the DNA molecule. Such additional elements include
enhancers. The enhancer may be selected from the group including but not limited to: human
Actin, human Myosin, human Hemoglobin, human muscle creatine and viral enhancers such as
those from CMV, RSV and EBV.

[0235] Genetic constructs can be provided with mammalian origin of replication in
order to maintain the construct extrachromosomally and produce multiple copies of the construct
in the cell. For example, plasmids pCEP4 and pREP4 from Invitrogen (San Diego, Calif.)
contain the Epstein Barr virus origin of replication and nuclear antigen EBNA-1 coding region
which produces high copy episomal replication without integration.

[0236] In order to maximize protein production, regulatory sequences may be selected
which are well suited for gene expression in the cells the construct is administered into.
Moreover, codons may be selected which are most efficiently transcribed in the cell. One having
ordinary skill in the art can produce DNA constructs which are functional in the cells.

[0237] The method of the present invention comprises the steps of administering
nucleic acid molecules to tissue of the subject. In some embodiments, the nucleic acid molecules

are administered intramuscularly, intranasally, intraperitoneally, subcutancously, intradermally,
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or topically or by lavage to mucosal tissue selected from the group consisting of vaginal, rectal,
urethral, buccal and sublingual.

[0238] In some embodiments, the nucleic acid molecule is delivered to the cells in
conjunction with administration of a facilitating agent. Facilitating agents are also referred to as
polynucleotide function enhancers or genetic vaccine facilitator agents. Facilitating agents are
described in e.g. International Application No. PCT/US94/00899 filed Jan. 26, 1994 and
International Application No. PCT/US95/04071 filed Mar. 30, 1995, both incorporated herein by
reference. Facilitating agents which are administered in conjunction with nucleic acid molecules
may be administered as a mixture with the nucleic acid molecule or administered separately
simultaneously, before or after administration of nucleic acid molecules.

[0239] In some embodiments, the genetic constructs of the invention are formulated
with or administered in conjunction with a facilitator selected from the group consisting of, for
example, benzoic acid esters, anilides, amidines, urethans and the hydrochloride salts thereof
such as those of the family of local anesthetics. The facilitating agent is administered prior to,
simultaneously with or subsequent to the genetic construct. The facilitating agent and the
genetic construct may be formulated in the same composition.

[0240] In some embodiments of the invention, the subject is first subject to injection of
the facilitator prior to administration of the genetic construct. That is, for example, up to a about
a week to ten days prior to administration of the genetic construct, the subject is first injected
with the facilitator. In some embodiments, the subject is injected with the facilitator about 1 to 5
days; in some embodiments 24 hours, before or after administration of the genetic construct.
Alternatively, if used at all, the facilitator is administered simultaneously, minutes before or after
administration of the genetic construct. Accordingly, the facilitator and the genetic construct
may be combined to form a single pharmaceutical composition.

[0241] In some embodiments, the genetic constructs are administered free of
facilitating agents, that is in formulations free from facilitating agents using administration
protocols in which the genetic constructions are not administered in conjunction with the
administration of facilitating agents.

[0242] Nucleic acid molecules which are delivered to cells according to the invention
may serve as genetic templates for proteins that function as prophylactic and/or therapeutic
immunizing agents. In embodiments, the nucleic acid molecules comprise the necessary
regulatory sequences for transcription and translation of the coding region in the cells of the

animal.
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[0243] In further embodiments, the agonist polypeptides described herein may be used

for the immunotherapy of HERV tumors. In these embodiments, the compounds (which may be
polypeptides, antibodies or nucleic acid molecules) may be incorporated into pharmaceutical
compositions or vaccines. Pharmaceutical compositions comprise one or more such compounds
and a physiologically acceptable carrier. Vaccines may comprise one or more polypeptides and
an immune response enhancer, such as an adjuvant or a liposome (into which the compound is
incorporated). Pharmaceutical compositions and vaccines may additionally contain a delivery
system, such as biodegradable microspheres which are disclosed, for example, in U.S. Pat. Nos.
4,897,268 and 5,075,109. Pharmaceutical compositions and vaccines within the scope of the
present invention may also contain other compounds, including one or more separate
polypeptides.

[0244] While any suitable carrier known to those of ordinary skill in the art may be
employed in the pharmaceutical compositions of this invention, the type of carrier will vary
depending on the mode of administration. For parenteral administration, such as subcutancous
injection, the carrier preferably comprises water, saline, alcohol, a fat, a wax or a buffer. For
oral administration, any of the above carriers or a solid carrier, such as mannitol, lactose, starch,
magnesium stearate, sodium saccharine, talcum, cellulose, glucose, sucrose, and magnesium
carbonate, may be employed. Biodegradable microspheres (e.g., polylactate polyglycolate) may
also be employed as carriers for the pharmaceutical compositions of this invention.

[0245] Any of a variety of adjuvants may be employed in the vaccines of this invention
to nonspecifically enhance the immune response. Most adjuvants contain a substance designed
to protect the antigen from rapid catabolism, such as aluminum hydroxide or mineral oil, and a
stimulator of immune responses, such as lipid A, Bortadella pertussis or Mycobacterium
tuberculosis derived proteins. Suitable adjuvants are commercially available as, for example,
Freund’s Incomplete Adjuvant and Complete Adjuvant (Difco Laboratories, Detroit, Mich.),
Merck Adjuvant 65 (Merck and Company, Inc., Rahway, N.J.), alum, biodegradable
microspheres, monophosphoryl lipid A and quil A. Cytokines, such as GM-CSF or interleukin-2,
-7, or -12, may also be used as adjuvants.

[0246] In another embodiment, the invention provides a method for treating a subject
suffering from or susceptible to a HERV tumor comprising administering to a subject any one of
the peptides identified by SEQ ID NO: 1 through 22 and 45, fragments or variants thereof. In a
further embodiment, a method for treating a subject suffering from or susceptible to a HERV

tumor is provided which comprises administering the vaccine to a healthy donor who will be
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used as a stem cell donor for a patients suffering from a HERV tumor undergoing an allogeneic
stem cell transplant.

[0247] In accordance with the invention, an immune response to a HERV tumor
antigen, is generated, by administering an agonist polypeptides in a therapeutically effective dose
sufficient to generate a cellular immune response, wherein the agonist polypeptides are any one
of polypeptides identified by SEQ ID NO: 1 through 22 and 45, fragments or variants thereof,
and optionally immune cell co-stimulatory molecules. Preferably, the polypeptides as identified
by any one of SEQ ID NO: 1 through 22 and 45 having a sequence identity to anyone one of
SEQ ID NO: 1 through 22 and 45 of at least about 10%, more preferably, 25%, even more
preferably about 40%, 50%, 60%, 70%, 80%, 90%, or 99.9%.

[0248] The peptides are administered to a subject suffering from or susceptible to
cancers. Definite clinical diagnosis of a particular cancer warrants the administration of the
peptides, including the early stages of the disease. Prophylactic applications are warranted in
cases where subjects with familial history of disease and predicted to be at risk by reliable
prognostic indicators could be treated prophylactically to interdict cancer prior to onset, such as
HERYV positive cancer; or can be administered post operatively.

[0249] Peptide vaccines can be administered in many possible formulations, in
pharmacologically acceptable mediums. In the case of a short peptide, the peptide can be
conjugated to a carrier, such as KLH, in order to increase its immunogenicity. The vaccine can
be administered in conjunction with an adjuvant, various of which are known to those skilled in
the art. After initial immunization with the vaccine, a booster can be provided. The vaccines are
administered by conventional methods, in dosages which are sufficient to elicit an
immunological response, which can be easily determined by those skilled in the art.

[0250] Efficacy of the peptide in the context of prevention is judged based on the
following criteria: frequency of peptide reactive T cells determined by limiting dilution,
proliferation response of peptide reactive T cell lines and clones, cytokine profiles of T cell lines
and clones to the desired peptide established from subjects. Efficacy is established by decrease
in frequency of reactive cells, a reduction in thymidine incorporation with altered peptide
compared to native, and a reduction in TNF and IFN-a.. Clinical measurements include the
relapse rate in one and two year intervals, on a Kaplan-Meier curve, a delay in sustained cancer
stage progression reduction in the number and size of tumors including a change in area and
volume of T2 images on MRI, and the number and volume of lesions determined by gadolinium

enhanced images.
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[0251] Peptides, variants and fragments thereof, of the present invention may be
administered either alone, or as a pharmaceutical composition. Briefly, pharmaceutical
compositions of the present invention may comprise one or more of the peptides, in combination
with one or more pharmaceutically or physiologically acceptable carriers, diluents or excipients.
Such compositions may comprise buffers such as neutral buffered saline, phosphate buffered
saline and the like, carbohydrates such as glucose, mannose, sucrose or dextrans, mannitol,
proteins, polypeptides or amino acids such as glycine, antioxidants, chelating agents such as
EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) and preservatives. In addition,
pharmaceutical compositions of the present invention may also contain one or more additional
active ingredients, such as, for example, cytokines like B-interferon.

[0252] Compositions of the present invention may be formulated for the manner of
administration indicated, including for example, for oral, nasal, venous, intracranial,
intraperitoneal, subcutaneous, or intramuscular administration. Within other embodiments of the
invention, the compositions described herein may be administered as part of a sustained release
implant. Within yet other embodiments, compositions of the present invention may be
formulized as a lyophilizate, utilizing appropriate excipients which provide stability as a
lyophilizate, and subsequent to rehydration.

[0253] Pharmaceutical compositions of the present invention may be administered in a
manner appropriate to the disease to be treated (or prevented). The quantity and frequency of
administration will be determined by such factors as the condition of the subject, and the type
and severity of the subject’s disease. Within particularly embodiments of the invention, the
peptides, variants, or fragments thereof, or pharmaceutical compositions described herein may be
administered at a dosage ranging from about 5 to 50 mg/kg, although appropriate dosages may
be determined by clinical trials. Dosages of peptide analogue will be approximately 5-50 mg/kg,
but are determined more accurately following trials. Subjects may be monitored for therapeutic
effectiveness by MRI, and signs of clinical exacerbation, as described above.

[0254] MRI can be used to measure active lesions using gadolinium-DTPA-enhanced
imaging (McDonald et al. Ann. Neurol. 36:14, 1994) or the location and extent of lesions using
T, -weighted techniques. Briefly, baseline MRIs are obtained. The same imaging plane and
subject position are used for each subsequent study. Positioning and imaging sequences are
chosen to maximize lesion detection and facilitate lesion tracing. The same positioning and
imaging sequences are used on subsequent studies. The presence, location and extent of MS
lesions are determined by radiologists. Areas of lesions are outlined and summed slice by slice

for total lesion area. Three analyses may be done: evidence of new lesions, rate of appearance of
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active lesions, percentage change in lesion area (Paty et al., Neurology 43:665, 1993).
Improvement due to therapy is established when there is a statistically significant improvement
in an subject compared to baseline or in a treated group versus a placebo group.

[0255] In another aspect of the invention, any tumor antigen polypeptide can be
administered to an subject diagnosed as suffering from or susceptible to cancers. The
polypeptides corresponding to identified tumor antigens can be used to stimulate the cells of the
immune system to recognize and lyse tumor cells expressing tumor antigens, such as for
example, CEA, p53, K-ras, and the like.

[0256] While various procedures involving the use of antibodies have been applied in
the treatment of tumors, few if any successful attempts using activated cytotoxic T-cells have
been recorded. Theoretically, cytotoxic T-cells would be the preferable means of treating
tumors. However, no procedures have been available to specifically activate cytotoxic T-cells.
In contrast to antibodies, the T-cell receptors on the surface of CDS cells cannot recognize
foreign antigens directly. Antigen must first be presented to the T cell receptor, such as by a
dendritic cell.

[0257] The presentation of antigen to CD8 T-cells is accomplished by major
histocompatibility complex (MHC) molecules of the Class I type. The major histocompatibility
complex (MHC) refers to a large genetic locus encoding an extensive family of glycoproteins
which play an important role in the immune response. The MHC genes, which are also referred
to as the HLA (human leukocyte antigen) complex, are located on chromosome 6 in humans.
The molecules encoded by MHC genes are present on cell surfaces and are largely responsible
for recognition of tissue transplants as “non-self”. Thus, membrane-bound MHC molecules are
intimately involved in recognition of antigens by T-cells.

[0258] MHC products are grouped into three major classes, referred to as I, 11, and II1.
T-cells that serve mainly as helper cells express CD4 and primarily interact with Class 11
molecules, whereas CD8-expressing cells, which mostly represent cytotoxic effector cells,
interact with Class I molecules.

[0259] Class I molecules are membrane glycoproteins with the ability to bind peptides
derived primarily from intracellular degradation of endogenous proteins. Complexes of MHC
molecules with peptides derived from viral, bacterial and other foreign proteins comprise the
ligand that triggers the antigen responsiveness of T-cells. In contrast, complexes of MHC
molecules with peptides derived from normal cellular products play a role in “teaching” the T-

cells to tolerate self-peptides, in the thymus. Class I molecules do not present entire, intact
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antigens; rather, they present peptide fragments thereof, “loaded” onto their “peptide binding
groove”.

[0260] As will be recognized by those in the art, the term “host compatible” or
“autologous” cells means cells that are of the same or similar haplotype as that of the subject or
“host” to which the cells are administered.

[0261] The presentation of Class I MHC molecules bound to peptide alone has
generally been ineffective in activating CDS cells. In nature, the CDS cells are activated by
antigen-presenting cells, such as, for example, dendritic cells, which present not only a peptide-
bound Class I MHC molecule, but also a costimulatory molecule. Such costimulatory molecules
include B7 which is now recognized to be two subgroups designated as B7.1 and B7.2, ICAM-1
and LFA-3. It has also been found that cell adhesion molecules such as integrins assist in this
process.

[0262] Dendritic cells are antigen-presenting cells that are found in all tissues and
organs, including the blood. Specifically, dendritic cells present antigens for T lymphocytes,
e.g., they process and present antigens, and stimulate responses from naive and memory T cells.
In addition to their role in antigen presentation, dendritic cells directly communicate with non-
lymph tissue and survey non-lymph for an injury signal (e.g., ischemia, infection, or
inflammation) or tumor growth. Once signaled, dendritic cells initiate the immune response by
releasing IL-1 which triggers lymphocytes and monocytes. When the CDS8 T-cell interacts with
an antigen-presenting cell, such as a dendritic cell, having the peptide bound by a Class I MHC
and costimulatory molecule, the CD8 T-cell is activated to proliferate and becomes an effector
T-cell. See, generally, Janeway and Travers, Immunobiology, published by Current Biology
Limited, London (1994), incorporated by reference.

[0263] Accordingly, what is needed and which the present invention provides, is a
means to activate T-cells so that they proliferate, become cytotoxic for cells expressing the
desired antigen, such as for example, an antigen derived from a HERV, and maintain memory
cells specific for the administered antigen. Thus, the immune system is primed against various
tumor epitopes so if spontaneous tumors arise, a pool of primed immune cells exist which
become activated to recognize and kill the tumor cells.

[0264] Preferably, the epitopes presented to the immune system comprise agonist
epitopes as described herein. Agonist polypeptides preferably comprise an amino acid sequence
which is at least about 60% identical to the amino acid sequence of SEQ ID NO: 1 through 22
and 45, fragments or variants thercof, more preferably, the agonist polypeptide comprises an

amino acid sequence which is at least about 80% identical to the amino acid sequence of SEQ ID
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NO: 1 through 22 and 45. more preferably, the agonist polypeptide comprises an amino acid

sequence which is at least about 90%, 95%, or 99.9% identical to the amino acid sequence of
SEQ ID NO: 1 through 22 and 45.

[0265] A review of the biology of memory T cells may be found in Dutton et al. (1998)
Ann. Rev Immunol 16:201-23. Memory cells express a different pattern of cell surface markers,
and they respond in several ways that are functionally different from those of naive cells.
Human memory cells are CD45RA”, CD45RO". In contrast to naive cells, memory cells secrete
a full range of T cell cytokines.

[0266] Chemokines and cytokines also play a powerful role in the development of an
immune response. The role of chemokines in leukocyte trafficking is reviewed by Baggiolini
(1998) Nature 392:565-8, in which it is suggested that migration responses in the complicated
trafficking of lymphocytes of different types and degrees of activation will be mediated by
chemokines. The use of small molecules to block chemokines is reviewed by Baggiolini and
Moser (1997) J. Exp. Med. 186:1189-1191.

[0267] The role of various specific chemokines in lymphocyte homing has been
previously described. For example, Campbell et al. (1998) Science, showed that SDF-1 (also
called PBSF), 6-C-kine (also called Exodus-2), and MIP-3beta (also called ELC or Exodus-3)
induced adhesion of most circulating lymphocytes, including most CD4" T cells; and MIP-
3alpha (also called LARC or Exodus-1) triggered adhesion of memory, but not naive, CD4" T
cells. Tangemann et al. (1998) J. Immunol. 161:6330-7 disclose the role of secondary lymphoid-
tissue chemokine (SLC), a high endothelial venule (HEV)-associated chemokine, with the
homing of lymphocytes to secondary lymphoid organs. Campbell et al. (1998) J. Cell Biol
141(4):1053-9 describe the receptor for SLC as CCR7, and that its ligand, SLC, can trigger rapid
integrin-dependent arrest of lymphocytes rolling under physiological shear.

[0268] Mature B cells can be measured in immunoassays, for example, by cell surface
antigens including CD19 and CD20 with monoclonal antibodies labeled with fluorochromes or
enzymes may be used to these antigens. B cells that have differentiated into plasma cells can be
enumerated by staining for intracellular immunoglobulins by direct immunofluorescence in fixed
smears of cultured cells.

[0269] Several different ways, to assess maturity and cell differentiation, are available.
For example, one such method is by measuring cell phenotypes. The phenotypes of immune
cells and any phenotypic changes can be evaluated by flow cytometry after immunofluorescent
staining using monoclonal antibodies that will bind membrane proteins characteristic of various

immune cell types.
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[0270] A second means of assessing cell differentiation is by measuring cell function.
This may be done biochemically, by measuring the expression of enzymes, mRNA'’s, genes,
proteins, or other metabolites within the cell, or secreted from the cell. Bioassays may also be
used to measure functional cell differentiation or measure specific antibody production directed
at a subject’s tumor, tumor cell lines or cells from fresh tumors.

[0271] Immune cells express a variety of cell surface molecules which can be detected
with either monoclonal antibodies or polyclonal antisera. Immune cells that have undergone
differentiation or activation can also be enumerated by staining for the presence of characteristic
cell surface proteins by direct immunofluorescence in fixed smears of cultured cells.

[0272] Invitro T cell cytotoxic assays are well known to those skilled in the art. A
preferred method is to measure cytotoxicity in a 5 hr °'Sodium chromate (*'Cr ) release assay. In

particular, a 20 hr *'Cr-release assay is preferred. Tumor cells, also referred to herein as “target

cells” are plated in flat-bottomed microtiter plates and incubated at 379C overnight. The targets
are washed and labeled the next day with °'Cr at 37°C. >'Cr is taken up by the target cells, either
by endocytosis or pinocytosis, and is retained in the cytoplasm. The wells containing tumor cells
are washed, and then armed or unarmed ATC, referred to as “effector cells” are plated at
different E:T ratios and incubated overnight at 37°C. Cytolysis is a measure of the *'Cr released
from the target cells into the supernatant due to destruction of the target cells by the effector
cells. The microtiter plates are centrifuged at 1000 rpm for 10 minutes and an aliquot of about
50 ul to about 100 pl is removed and the level of radioactivity is measured the next day by a
gamma counter and the percent specific lysis calculated.

[0273] Percent specific lysis is measured by using the formula:

(*'Cr released from the target cells) — (spontancous ~'Cr released from the target cells)/

(maximum *'Cr released from the target cells) - (spontancous *'Cr released from the

target cells) X 100

[0274] The spontancous >ICr released from the target cells is measured with tumor cells
to which no effector cells have been added. Maximum *'Cr released from the target cells is
obtained by adding, for example, 1M HCI and represents the total amount of >'Cr present in the
cytoplasm of the target cell.

[0275] Other means of assaying for T lymphocyte activity is by the mixed lymphocyte
reaction described in the examples which follow. Other cytotoxicity assays such as the labeling
of target cells with tritiated thymidine ‘H-TdR) may also be used. *H-TdR is taken up by target
cells into the nucleus of the cell. Release of *H-TdR is a measure of cell death by DNA

fragmentation. The assay is conducted as above except the incubation period is at least about 48
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hours and 50 pl to about 100 ul of the supernatant is measured by a beta-counter in the presence
of at least about 1 ml of scintillation fluid. Calculation of percent specific lysis is performed
using the above formula.

[0276] In a embodiment the polypeptide is expressed at least at a higher level in a
subject with cancer as compared to expression levels in normal subjects, preferably the
polypeptide is expressed at least about 5 to about 10 fold higher in a subject with cancer as
compared to expression in a normal subject. Preferably the cancer is a HERV' cancer and the
subject sample is obtained from a mammalian subject, including a primate such as a human
subject.

[0277] In another embodiment, the invention provides for a method for treating a
subject suffering from or susceptible to a HERV tumor comprising isolating dendritic cells from
a subject suffering from cancer; and, treating the dendritic cells with one or more of the
polypeptides identified by SEQ ID NO: 1 through 22 and 45; fragments and variants thereof.
Preferably, the treated dendritic cells are administered to the subject.

[0278] In yet another embodiment, autologous dendritic cells can be isolated from a
subject, transduced with the vectors described in detail herein, cultured, and re-infused into the
subject.

[0279] An “isolated” or “purified” population of cells is substantially free of cells and
materials with which it is associated in nature. By substantially free or substantially purified
APCs is meant at least 50% of the population are APCs, preferably at least 70%, more preferably
at least 80%, and even more preferably at least 90% free of non-APCs cells with which they are
associated in nature.

[0280] Dendritic cells of different maturation stages can be isolated based on the cell
surface expression markers. For example, mature dendritic cells are less able to capture new
proteins for presentation but are much better at stimulating resting T cells to grow and
differentiate. Thus, mature dendritic cells can be of importance. Mature dendritic cells can be
identified by their change in morphology; by their nonadherence; and by the presence of various
markers. Such markers include, but are not limited to, cell surface markers such as B7.2, CD40,
CD11c’, and MHC class II. Alternatively, maturation can be identified by observing or
measuring the production of pro-inflammatory cytokines. Dendritic cells can be collected and
analyzed using typical cytofluorography and cell sorting techniques and devices, such as a
fluorescence-activated cell sorter (FACS). Antibodies specific to cell surface antigens of

different stages of dendritic cell maturation are commercially available.
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[0281] The amount of dendritic cells administered to the subject will also vary
depending on the condition of the subject and should be determined via consideration of all
appropriate factors by the practitioner. Preferably, however, about 1x10° to about 1x10'%, more
preferably about 1x10° to about 1x10", and even more preferably, about 1x10° to about 1x10"
dendritic cells are utilized for adult humans. These amounts will vary depending on the age,
weight, size, condition, sex of the subject, the type of tumor to be treated, the route of
administration, whether the treatment is regional or systemic, and other factors. Those skilled in
the art should be readily able to derive appropriate dosages and schedules of administration to
suit the specific circumstance and needs of the subject.

[0282] Methods of re-introducing cellular components are known in the art and include
procedures such as those exemplified in U.S. Pat. No. 4,844,893 to Honsik, et al. and U.S. Pat.
No. 4,690,915 to Rosenberg. For example, administration of activated CDS8 cells via intravenous
infusion is appropriate. Any toxicity, from donor cell infusion, observed in a pregnant female
will result in immediate cessation of any further infusions. Toxicity is measured according to the

National Cancer Institute (NCI) scale.

Toxicity Grading - The NCI Common Toxicity Scale.

[0283] * If Grade I- II toxicities occur, the subject may continue with the infusion
schedule.

[0284] * If Grade III toxicity occurs, the “drug” will be held until the toxicity
decreases to Grade I or II, then the infusion will be restarted. If Grade III or IV toxicity occurs
after the restart, the “drug” infusions will be stopped.

[0285] * If Grade IV toxicity occurs, the subject is scored as having Grade IV
toxicity and the next infusion is reduced to the previous dose. If the previous dose causes Grade
IV toxicity, then the “drug” will be stopped.

[0286] * If Grade IV toxicity occurs in 1 of 3 subjects at a specific dose level, an
additional 3 subjects must be entered at that cell-dose level for a total of 6 subjects at that dose
level. If 2 of 6 subjects at a cell-dose level develop Grade IV toxicity, this dose is defined as the
maximum tolerated dose (MTD). The next 3 subjects will be given 66% (two-thirds) of the
previous cell-dose level. For the purposes of evaluation for dose-escalation, each subject at the
same dose level should received at least 4 of 6 infusions.

[0287] Large quantities of antigen-presenting dendritic cells can be generated ex vivo
as described in U.S. Patent No: 6,497,876, which is incorporated herein, in its entirety.
Following collection of an subject’s CD34 " hematopoictic progenitors and stem cells, cytokines

such as granulocyte-macrophage colony stimulating factor (GM-CSF) and fl1t-3 ligand (f1t3-L)
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can be used to expand the cells in vitro and to drive them to differentiate into cells of the
dendritic cell lineage. Cytokines can also be used to increase the numbers of CD34" cells in
circulation prior to collection. The resulting dendritic cells are exposed to an antigen one wishes
to elicit an immune response against, and allowed to process the antigen (this procedure is
sometimes referred to in the art as “antigen-pulsing”). The antigen-pulsed (or antigen-
expressing) dendritic cells are then activated with a CD40 binding protein, and subsequently
administered to the subject.

[0288] Dendritic cells comprise a heterogeneous cell population with distinctive
morphology and a widespread tissue distribution. The dendritic cell system and its role in
immunity is reviewed by Steinman, R. M., Annu. Rev. Immunol., 9:271-296 (1991),
incorporated herein by reference. The cell surface of dendritic cells is unusual, with
characteristic veil-like projections, and is characterized by having the cell surface markers
CDla', CD4', CD86', or HLA-DR'. Dendritic cells have a high capacity for sensitizing MHC-
restricted T cells and are very effective at presenting antigens to T cells in situ, both self-antigens
during T cell development and tolerance and foreign antigens during immunity.

[0289] Because of their effectiveness at antigen presentation, autologous dendritic cells
preferably are used ex vivo as alloantigen adjuvants (see, for example, Romani, et al., J. Exp.
Med., 180:83 (1994). The use of dendritic cells as immunostimulatory agents has been limited
due to the low frequency of dendritic cells in peripheral blood, the limited accessibility of
lymphoid organs and the dendritic cells’ terminal state of differentiation. Dendritic cells
originate from CD34" bone marrow or peripheral blood progenitors and peripheral blood
mononuclear cells, and the proliferation and maturation of dendritic cells can be enhanced by the
cytokines GM-CSF sargramostim, Leukine™ (Immunex Corporation, Seattle, Wash.), TNF-a, c-
kit ligand (also known as stem cell factor (SCF), steel factor (SF), or mast cell growth factor
(MGF)) and interleukin-4. Recently, flt3-L has been found to stimulate the generation of large

numbers of functionally mature dendritic cells, both in vivo and in vitro.

Ex Vivo Culture of Dendritic Cells

[0290] A procedure for ex vivo expansion of hematopoietic stem and progenitor cells is
described in U.S. Pat. No. 5,199,942, incorporated herein by reference. Other suitable methods
are known in the art. Briefly, ex vivo culture and expansion comprises: (1) collecting CD34"
hematopoietic stem and progenitor cells from a subject from peripheral blood harvest or bone

marrow explants; and (2) expanding such cells ex vivo. In addition to the cellular growth factors
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described in U.S. Pat. No. 5,199,942, other factors such as flt3-L, IL-1, IL-3 and c-kit ligand, can

be used.

[0291] Stem or progenitor cells having the CD34 marker constitute only about 1% to
3% of the mononuclear cells in the bone marrow. The amount of CD34 " stem or progenitor cells
in the peripheral blood is approximately 10- to 100-fold less than in bone marrow. Cytokines
such as flt3-L may be used to increase or mobilize the numbers of dendritic cells in vivo.
Increasing the quantity of an subject’s dendritic cells may facilitate antigen presentation to T
cells for antigen(s) that already exists within the subject, such as a tumor antigen, or a bacterial
or viral antigen. Alternatively, cytokines may be administered prior to, concurrently with or
subsequent to administration of an antigen to an subject for immunization purposes.

[0292] Peripheral blood cells are collected using apheresis procedures known in the art.
See, for example, Bishop et al., Blood, vol. 83, No. 2, pp. 610-616 (1994). Briefly, peripheral
blood progenitor cells (PBPC) and peripheral blood stem cells (PBSC) are collected using
conventional devices, for example, a Haemonetics Model V50 apheresis device (Haemonetics,
Braintree, Mass.). Four-hour collections are performed typically no more than five times weekly
until approximately 6.5x10° mononuclear cells (MNC)/kg are collected. The cells are suspended
in standard media and then centrifuged to remove red blood cells and neutrophils. Cells located
at the interface between the two phases (the buffy coat) are withdrawn and resuspended in
HBSS. The suspended cells are predominantly mononuclear and a substantial portion of the cell
mixture are early stem cells.

[0293] A variety of cell selection techniques are known for identifying and separating
CD34" hematopoietic stem or progenitor cells from a population of cells. For example,
monoclonal antibodies (or other specific cell binding proteins) can be used to bind to a marker
protein or surface antigen protein found on stem or progenitor cells. Several such markers or cell
surface antigens for hematopoietic stem cells (e.g., flt-3, CD34, My-10, and Thy-1) are known in
the art, as are specific binding proteins.

[0294] In one method, antibodies or binding proteins are fixed to a surface, for
example, glass beads or flask, magnetic beads, or a suitable chromatography resin, and contacted
with the population of cells. The stem cells are then bound to the bead matrix. Alternatively, the
binding proteins can be incubated with the cell mixture and the resulting combination contacted
with a surface having an affinity for the antibody-cell complex. Undesired cells and cell matter
are removed providing a relatively pure population of stem cells. The specific cell binding

proteins can also be labeled with a fluorescent label, e.g., chromophore or fluorophore, and the
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labeled cells separated by sorting. Preferably, isolation is accomplished by an immunoaffinity
column.

[0295] Immunoaffinity columns can take any form, but usually comprise a packed bed
reactor. The packed bed in these bioreactors is preferably made of a porous material having a
substantially uniform coating of a substrate. The porous material, which provides a high surface
arca-to-volume ratio, allows for the cell mixture to flow over a large contact area while not
impeding the flow of cells out of the bed. The substrate should, either by its own properties, or
by the addition of a chemical moiety, display high-affinity for a moiety found on the cell-binding
protein. Typical substrates include avidin and streptavidin, while other conventional substrates
can be used.

[0296] In one useful method, monoclonal antibodies that recognize a cell surface
antigen on the cells to be separated are typically further modified to present a biotin moiety. The
affinity of biotin for avidin thereby removably secures the monoclonal antibody to the surface of
a packed bed (see Berenson, et al., J. Immunol. Meth., 91:11, 1986). The packed bed is washed
to remove unbound material, and target cells are released using conventional methods.
Immunoaffinity columns of the type described above that utilize biotinylated anti-CD34
monoclonal antibodies secured to an avidin-coated packed bed are described for example, in WO
93/08268.

[0297] An alternative means of selecting the quiescent stem cells is to induce cell death
in the dividing, more linecage-committed, cell types using an antimetabolite such as 5-fluorouracil
(5-FU) or an alkylating, agent such as 4-hydroxycyclophosphamide (4-HC). The non-quiescent
cells are stimulated to proliferate and differentiate by the addition of growth factors that have
little or no effect on the stem cells, causing the non-stem cells to proliferate and differentiate and
making them more vulnerable to the cytotoxic effects of 5-FU or 4-HC. See Berardi et al.,
Science, 267:104 (1995), which is incorporated herein by reference.

[0298] Isolated stem cells can be frozen in a controlled rate freezer (e.g., Cryo-Med,
Mt. Clemens, Mich.), then stored in the vapor phase of liquid nitrogen using dimethylsulfoxide
as a cryoprotectant. A variety of growth and culture media can be used for the growth and
culture of dendritic cells (fresh or frozen), including serum-depleted or serum-based media.
Useful growth media include RPMI, TC 199, Iscoves modified Dulbecco’s medium (Iscove, et
al., F. J. Exp. Med., 147:923 (1978)), DMEM, Fischer’s, alpha medium, NCTC, F-10,
Leibovitz’s L-15, MEM and McCoy’s. Particular nutrients present in the media include serum
albumin, transferrin, lipids, cholesterol, a reducing agent such as 2-mercaptoethanol or

monothioglycerol, pyruvate, butyrate, and a glucocorticoid such as hydrocortisone 2-

-57 -



WO 2007/109583 PCT/US2007/064237

hemisuccinate. More particularly, the standard media includes an energy source, vitamins or
other cell-supporting organic compounds, a buffer such as HEPES, or Tris, that acts to stabilize
the pH of the media, and various inorganic salts. A variety of serum-free cellular growth media
is described in WO 95/00632, which is incorporated herein by reference. The collected CD34"
cells are cultured with suitable cytokines, for example, as described herein. CD34" cells then are
allowed to differentiate and commit to cells of the dendritic lincage. These cells are then further
purified by flow cytometry or similar means, using markers characteristic of dendritic cells, such
as CD1a, HLA DR, CD80 and/or CD86. The cultured dendritic cells are exposed to an antigen,
for example, an allogeneic class I HLA molecule, allowed to process the antigen, and then
cultured with an amount of a CD40 binding protein to activate the dendritic cell. Alternatively,
the dendritic cells are transfected with a gene encoding an allogeneic HLA class I molecule or
immune related receptors, and then cultured with an amount of a CD40 binding protein to
activate the antigen-presenting dendritic cells.

[0299] The activated, antigen-carrying dendritic cells are them administered to a
subject in order to stimulate an antigen-specific immune response. The dendritic cells can be
administered prior to, concurrently with, or subsequent to, antigen administration. Alternatively,
T cells may be collected from the subject and exposed to the activated, antigen-carrying dendritic
cells in vitro to stimulate antigen-specific T cells, which are subsequently adoptively infused into
the subject with cancer.

Useful Cytokines

[0300] Various cytokines will be useful in the ex vivo culture of dendritic cells. Flt3-L
refers to a genus of polypeptides that are described in EP 0627487 A2 and in WO 94/28391, both
incorporated herein by reference. A human flt3-L cDNA was deposited with the American Type
Culture Collection, Rockville, Md., USA (ATCC) on Aug. 6, 1993 and assigned accession
number ATCC 69382. 1L-3 refers to a genus of interleukin-3 polypeptides as described in U.S.
Pat. No. 5,108,910, incorporated herein by reference. A DNA sequence encoding human IL-3
protein suitable for use in the invention is publicly available from the American Type Culture
Collection (ATCC) under accession number ATCC 67747. c-kit ligand is also referred to as
Mast Cell Growth Factor (MGF), Steel Factor or Stem Cell Factor (SCF), and is described in EP
423,980, which is incorporated herein by reference. Other useful cytokines include Interleukin-4
(IL-4; Mosley et al., Cell 59:335 (1989), Idzerda et al., J. Exp. Med. 171:861 (1990) and Galizzi
et al., Intl. Immunol. 2:669 (1990), each of which is incorporated herein by reference) and
granulocyte-macrophage colony stimulating factor (GM-CSF; described in U.S. Pat. Nos.
5,108,910, and 5,229,496 ecach of which is incorporated herein by reference). Commercially
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available GM-CSF (sargramostim, Leukine™) is obtainable from Immunex Corp., Seattle,
Wash.). Moreover, GM-CSF/IL-3 fusion proteins (e.g., a C-terminal to N-terminal fusion of
GM-CSF and IL-3) will also be useful in ex vivo culture of dendritic cells. Such fusion proteins
are known and are described in U.S. Pat. Nos. 5,199,942, 5,108,910 and 5,073,627, each of
which is incorporated herein by reference. A preferred fusion protein is PIXY321 as described
in U.S. Pat. No. 5,199,942.

[0301] Useful cytokines act by binding a receptor present on the surface of a dendritic
cell and transducing a signal. Moreover, additional binding proteins can be prepared as
described herein for CD40 binding proteins, that bind appropriate cytokine receptors and
transduce a signal to a dendritic cell. For example, WO 95/27062 describes agonistic antibodies
to Flt-3, the receptor for Flt-3L, from which various Flt-3 binding. proteins can be prepared.
Additional useful cytokines include biologically active analogs of cytokines that are useful for
culturing dendritic cells. Useful cytokine analogs have an amino acid sequence that is
substantially similar to the native cytokine, and are biologically active capable of binding to their
specific receptor and transducing a biological signal. Such analogs can be prepared and tested by
methods that are known in the art.

[0302] An alternate method for preparing dendritic cells that present antigen is to
transfect the dendritic cells with a gene encoding an antigen or a specific polypeptide derived
therefrom. Once the dendritic cells express the antigen in the context of MHC, the dendritic cells
are activated with a CD40 binding protein, and subsequently administered to the subject to
provide a stronger and improved immune response to the antigen.

[0303] The activated antigen-presenting dendritic cells can also be used as a vaccine
adjuvant and can be administered prior to, concurrently with or subsequent to antigen
administration. Moreover, the dendritic cells can be administered to the subject prior to,
concurrently with or subsequent to administration of cytokines that modulate an immune
response, for example a CD40 binding protein (e.g., soluble CD40L), or a soluble CD83
molecule. Additional useful cytokines include, but are not limited to, Interleukins (IL) 1, 2, 4, 5,
6,7, 10, 12 and 15, colony stimulating factors (CSF) such as GM-CSF, granulocyte colony
stimulating factor (G-CSF), or GM-CSF/IL-3 fusion proteins, or other cytokines such as TNF-a
or c-kit ligand. Moreover, biologically active derivatives of these cytokines; and combinations
thereof will also be useful.

[0304] CD40 is a member of the tumor necrosis factor (TNF)/nerve growth factor
(NGF) receptor family, which is defined by the presence of cysteine-rich motifs in the
extracellular region (Smith et al., Science 248:1019, 1990; Mallett and Barclay, Immunology
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Today 12:220; 1991). This family includes the lymphocyte antigen CD27, CD30 (an antigen

found on Hodgkin’s lymphoma and Reed-Stemberg cells), two receptors for TNF, a murine
protein referred to as 4-1BB, rat 0X40 antigen, NGF receptor, and Fas antigen. Human CD40
antigen (CD40) is a peptide of 277 amino acids having a molecular weight of 30,600
(Stamenkovic et al., EMBO J. 8:1403, 1989). CD40L is believed to be important in feedback
regulation of an immune response. For example, a CD40" antigen presenting cell will present
antigen to a T cell, which will then become activated and express CD40L. The CD40L will, in
turn, further activate the antigen presenting cell, increasing its efficiency at antigen presentation,
and upregulating expression of Class I and Class I MHC, CD80 and CD86 costimulatory
molecules, as well as various cytokines (Caux et al., J. Exp. Med. 180:1263, 1994).

[0305] Purified dendritic cells are then pulsed with (exposed to) antigen, to allow them
to take up the antigen in a manner suitable for presentation to other cells of the immune systems.
Antigens are classically processed and presented through two pathways. Peptides derived from
proteins in the cytosolic compartment are presented in the context of Class I MHC molecules,
whereas peptides derived from proteins that are found in the endocytic pathway are presented in
the context of Class Il MHC. However, those of skill in the art recognize that there are
exceptions; for example, the response of CD8" tumor specific T cells, which recognize
exogenous tumor antigens expressed on MHC Class 1. A review of MHC-dependent antigen
processing and peptide presentation is found in Germain, R. N., Cell 76:287 (1994).

[0306] Numerous methods of pulsing dendritic cells with antigen are known; those of
skill in the art regard development of suitable methods for a selected antigen as routine
experimentation. In general, the antigen is added to cultured dendritic cells under conditions
promoting viability of the cells, and the cells are then allowed sufficient time to take up and
process the antigen, and express antigen peptides on the cell surface in association with either
Class I or Class I MHC, a period of about 24 hours (from about 18 to about 30 hours, preferably
24 hours). Dendritic cells may also be exposed to antigen by transfecting them with DNA
encoding the antigen. The DNA is expressed, and the antigen is presumably processed via the
cytosolic/Class I pathway.

[0307] The present invention provides methods of using therapeutic compositions
comprising activated, antigen-pulsed dendritic cells. The use of such cells in conjunction with
soluble cytokine receptors or cytokines, or other immunoregulatory molecules is also
contemplated. The inventive compositions are administered to stimulate an allogeneic immune
response, and can be given by bolus injection, continuous infusion, sustained release from

implants, or other suitable technique. Typically, the cells on the will be administered in the form
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of a composition comprising the antigen-pulsed, activated dendritic cells in conjunction with
physiologically acceptable carriers, excipients or diluents. Such carriers will be nontoxic to
recipients at the dosages and concentrations employed. Neutral buffered saline or saline mixed
with serum albumin are exemplary appropriate diluents.

[0308] For use in stimulating a certain type of immune response, administration of
other cytokines along with activated, antigen-pulsed dendritic cells is also contemplated. Several
useful cytokines (or peptide regulatory factors) are discussed in Schrader, J. W. (Mol Immunol
28:295; 1991). Such factors include (alone or in combination) Interleukins 1, 2, 4, 5, 6, 7, 10, 12
and 15; granulocyte-macrophage colony stimulating factor, granulocyte colony stimulating
factor; a fusion protein comprising Interleukin-3 and granulocyte-macrophage colony stimulating
factor; Interferon-y, TNF, TGF-B, flt-3 ligand and biologically active derivatives thereof. A
particularly preferred cytokine is CD40 ligand (CD40L). Other cytokines will also be useful, as
described herein. DNA encoding such cytokines will also be useful in the inventive methods, for
example, by transfecting the dendritic cells to express the cytokines. Administration of these
immunomodulatory molecules includes simultancous, separate or sequential administration with
the cells of the present invention.

[0309] In another embodiment, the invention provides for a polypeptide identified by
any one of SEQ ID NO: 1 through 22 and 45 having a sequence identity to anyone one of SEQ
ID NO: 1 through 22 and 45 of at least about 10%, more preferably, 25%, even more preferably
about 40%, 50%, 60%, 70%, 80%, 90%, or 99.9%. Dendritic cells can be pulsed with any of
these polypeptides during ex-vivo culture.

[0310] In one aspect of the invention, the polypeptide comprises SEQ ID NO: 14.
Preferably, the polypeptide binds to HLA molecules with a high avidity and has a higher
association constant (K,) for the HLA than a native polypeptide and/or a lower dissociation
constant (Ky4) for the HL A than a native polypeptide.

[0311] In another aspect of the invention, antigen presentation, by antigen presenting
cells of the polypeptides induces an immune response, preferably a cellular immune response.
For example, the cellular immune response is a cytotoxic T cell response, a T helper cell
response, or a B cell immune response.

[0312] In yet another aspect, variants of the nucleic acid molecule encoding
polypeptides as identified by SEQ ID NO: 1 through 22 and 45 can be used to transduce immune
cells for the detection and lysing of, for example, HERV positive cancers. An “allele” or “
variant” is an alternative form of a gene. Of particular utility in the invention are variants of the

genes encoding any potential HERV' tumor cell markers identified by the methods of this
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invention. Variants may result from at least one mutation in the nucleic acid sequence and may
result in altered mRNASs or in polypeptides whose structure or function may or may not be
altered. Any given natural or recombinant gene may have none, one, or many allelic forms.
Common mutational changes that give rise to variants are generally ascribed to natural deletions,
additions, or substitutions of nucleotides. Each of these types of changes may occur alone, or in
combination with the others, one or more times in a given sequence.

[0313] The compositions and methods of the present invention also encompass variants
of the above polypeptides and nucleic acid sequences encoding such polypeptides. A
polypeptide “variant,” as used herein, is a polypeptide that differs from the native polypeptide in
substitutions and/or modifications, such that the antigenic and/or immunogenic properties of the
polypeptide are retained. Such variants may generally be identified by modifying one of the
above polypeptide sequences and evaluating the reactivity of the modified polypeptide with
antisera and/or T-cells as described above. Nucleic acid variants may contain one or more
substitutions, deletions, insertions and/or modifications such that the antigenic and/or
immunogenic properties of the encoded polypeptide are retained. One preferred variant of the
polypeptides described herein is a variant that contains nucleotide substitutions, deletions,
insertions and/or modifications at no more than 20% of the nucleotide positions.

[0314] Preferably, but not limited to, a variant contains conservative substitutions. A
“conservative substitution” is one in which an amino acid is substituted for another amino acid
that has similar properties, such that one skilled in the art of peptide chemistry would expect the
secondary structure and hydropathic nature of the polypeptide to be substantially unchanged. In
general, the following groups of amino acids represent conservative changes: (1) ala, pro, gly,
glu, asp, gln, asn, ser, thr; (2) cys, ser, tyr, thr; (3) vat, ile, leu, met, ala, phe; (4) lys, arg, his; and
(5) phe, tyr, trp, his. However, any type of substitution is within the scope and embodiments of
the invention.

[0315] Variants may also (or alternatively) be modified by, for example, the deletion or
addition of amino acids that have minimal influence on the immunogenic or antigenic properties,
secondary structure and hydropathic nature of the polypeptide. For example, a polypeptide may
be conjugated to a signal (or leader) sequence at the N-terminal end of the protein which co-
translationally or post-translationally directs transfer of the protein. The polypeptide may also be
conjugated to a linker or other sequence for ease of synthesis, purification or identification of the
polypeptide (e.g., poly-His), or to enhance binding of the polypeptide to a solid support. For

example, a polypeptide may be conjugated to an immunoglobulin Fc region.
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[0316] In general, nucleotide sequences encoding all or a portion of the polypeptides
described herein may be prepared using any of several techniques. For example, cDNA
molecules encoding such polypeptides may be cloned on the basis of the HERV tumor-specific
expression of the corresponding mRNAs, using differential display PCR. This technique
compares the amplified products from RNA template prepared from normal and HERV tumor
tissue. cDNA may be prepared by reverse transcription of RNA using a random primer, such as
for example, (dT)i2 AG primer. Following amplification of the cDNA using a random primer, a
band corresponding to an amplified product specific to the tumor RNA may be cut out from a
silver stained gel and subcloned into a suitable vector, such as the adenovirus vector described in
the examples which follow. Nucleotide sequences encoding all or a portion of the HERV tumor-
specific polypeptides disclosed by any one of SEQ ID NOs: 1 through 6 and variants thereof may
be amplified from cDNA prepared as described above using any random primers.

[0317] Alternatively, a gene encoding a polypeptide as described herein (or a portion
thereof) may be amplified from human genomic DNA, or from tumor cell cDNA, via polymerase
chain reaction.

[0318] In an embodiment of the invention the presence of the one or more nucleic acid
molecules is correlated to a sample of a normal subject. The sample is preferably obtained from
a mammal suspected of having a proliferative cell growth disorder, in particular, a HERV"
cancer.

[0319] Percent identity and similarity between two sequences (nucleic acid or
polypeptide) can be determined using a mathematical algorithm (see, e.g., Computational
Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D. W., ed., Academic Press, New York, 1993;
Computer Analysis of Sequence Data, Part 1, Griffin, A. M., and Griffin, H. G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic
Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton
Press, New York, 1991).

[0320] In another embodiment, HERV peptide fragments and derivatives of the
invention are of a sufficient length such that they activate the immune system resulting in the
lysing of cancer cells, such as, for example cells expressing HERV antigens. HERV nucleic acid
molecules, fragments and derivatives encoding for any one of the polypeptides identified by SEQ
ID NO: 1 through 22 and 45, thus preferably comprise at least about 90% nucleotides as
compared to the sequence identified by any one of SEQ ID NO: 1 through 22 and 45, usually at
least about 80% nucleotides as compared to the sequence identified by any one of SEQ ID NO: 1
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through 22 and 45, more usually at least about 70% nucleotides as compared to the sequence
identified by anyone of SEQ ID NO: 1 through 22 and 45, even more typically at least about
40% or 50% nucleotides.

[0321] To determine the percent identity of two nucleic acid sequences, the sequences
are aligned for optimal comparison purposes (e.g., gaps can be introduced in one or both of a
first and a second amino acid or nucleic acid sequence for optimal alignment and non-
homologous sequences can be disregarded for comparison purposes). In a embodiment, the
length of a reference sequence aligned for comparison purposes is at least 30%, preferably at
least 40%, more preferably at least 50%, even more preferably at least 60%, and even more
preferably at least 70%, 80%, or 90% of the length of the reference sequence. The nucleotides at
corresponding nucleotide positions are then compared. When a position in the first sequence is
occupied by the nucleotide as the corresponding position in the second sequence, then the
molecules are identical at that position (as used herein nucleic acid “identity” is equivalent to
nucleic acid “sequence identity””). The percent identity between the two sequences is a function
of the number of identical positions shared by the sequences, taking into account the number of
gaps, and the length of each gap, which need to be introduced for optimal alignment of the two
sequences.

[0322] The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. In a embodiment, the percent
identity between two nucleotide sequences is determined using the GAP program in the GCG
software package (available at online through the Genetics Computer Group), using a
NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3,
4,5, o0r 6. A preferred, non-limiting example of parameters to be used in conjunction with the
GAP program include a Blosum 62 scoring matrix with a gap penalty of 12, a gap extend penalty
of 4, and a frameshift gap penalty of 5.

[0323] In another embodiment, the percent identity between two amino acid or
nucleotide sequences is determined using the algorithm of Meyers and Miller (Comput. Appl.
Biosci. 4:11-17 (1988)) which has been incorporated into the ALIGN program (version 2.0 or
version 2.0U), using a PAM120 weight residue table, a gap length penalty of 12 and a gap
penalty of 4.

[0324] The treatment of neoplastic disease or neoplastic cells, refers to an amount of
the vectors and/or peptides, described throughout the specification and in the Examples which
follow, capable of invoking one or more of the following effects: (1) inhibition, to some extent,

of tumor growth, including, (i) slowing down and (ii) complete growth arrest; (2) reduction in
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the number of tumor cells; (3) maintaining tumor size; (4) reduction in tumor size; (5) inhibition,
including (i) reduction, (ii) slowing down or (iii) complete prevention, of tumor cell infiltration
into peripheral organs; (6) inhibition, including (i) reduction, (ii) slowing down or (iii) complete
prevention, of metastasis; (7) enhancement of anti-tumor immune response, which may result in
(1) maintaining tumor size, (ii) reducing tumor size, (iii) slowing the growth of a tumor, (iv)
reducing, slowing or preventing invasion or (v) reducing, slowing or preventing metastasis;
and/or (8) relief, to some extent, of one or more symptoms associated with the disorder.

[0325] Thus in one aspect of the invention any variant, fragment, mutant can be used to
transduce immune cells, such as for example dendritic cells, for the treatment of an subject
suffering from, or, prophylactically to an subject susceptible to cancer. As discussed above, a
preferred use of nucleic acid sequences identified in the present invention, is for the generation
of treatments that lyse for example, HERV cancer cells. The nucleic acid molecules can be
expressed by a vector containing a DNA segment encoding the wild-type, alleles, variants,
mutations or fragments of the genes. Mutations and alleles of the nucleic acid molecules are also
preferably used in the construction of a vector for use in treatment. The vector comprising the
desired nucleic acid sequence for conferring resistance to, for example, HERV positive cancer,
preferably has at least one such nucleic acid sequence. Alternatively, the vector may be
comprised of more than one such nucleic acid sequence, or combinations of allelic variants. The
vector can also be comprised of cassettes of different allelic variants or wild type nucleic acid
molecules.

[0326] In accordance with the present invention there may be employed conventional
molecular biology, microbiology, and recombinant DNA techniques within the skill of the art.
Such techniques are explained fully in the literature. See, e.g., Sambrook, Fritsch & Maniatis,
Molecular Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (herein “Sambrook et al., 1989”); DNA Cloning: A
Practical Approach, Volumes I and II (D. N. Glover ed. 1985); Oligonucleotide Synthesis (M. J.
Gait ed. 1984); Nucleic Acid Hybridization [B. D. Hames & S. J. Higgins eds. (1985)];
Transcription And Translation [B. D. Hames & S. J. Higgins, eds. (1984)]; Animal Cell Culture
[R. I. Freshney, ed. (1986)]; Immobilized Cells And Enzymes [IRL Press, (1986)]; B. Perbal, A
Practical Guide To Molecular Cloning (1984); F. M. Ausubel et al. (eds.), Current Protocols in
Molecular Biology, John Wiley & Sons, Inc. (1994).

[0327] Introducing the genes, fragments or alleles thereof, into a subject can include
use of vectors, liposomes, naked DNA, adjuvant-assisted DNA, gene gun, catheters, etc. Vectors

include chemical conjugates such as described in WO 93/04701, which has a targeting moiety
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(e.g. a ligand to a cellular surface receptor), and a nucleic acid binding moiety (e.g. polylysine),
viral vector (e.g. a DNA or RNA viral vector), fusion proteins such as described in
PCT/US95/02140 (WO 95/22618) which is a fusion protein containing a target moiety (e.g. an
antibody specific for a target cell) and a nucleic acid binding moiety (e.g. a protamine), plasmids,
phage etc. The vectors can be chromosomal, non-chromosomal or synthetic.

[0328] In another embodiment, cells are isolated and purified cell from a sample,
subject or donor subject and are used in functional assays to determine any properties of the
cells. Depending on the isolated and purified cellular population, appropriate functional assays
known in the art can be conducted. For example, if the population of cells are T cells specific for
a desired antigen such as a tumor antigen, cytotoxic T cell assays, T cell proliferation assays,
cytokine profiles, determination of surface antigens for T cell maturity or memory T cells, etc.,
can be carried out.

[0329] Isolation of cells useful in the present invention are well known in the art. For
example, peripheral blood mononuclear cells (PBMCs) can be obtained from a subject and
isolated by density gradient centrifugation, e.g., with Ficoll/Hypaque. Specific cell populations
can be depleted or enriched using standard methods. For example, monocytes/macrophages can
be isolated by adherence on plastic. T cells or B cells can be enriched or depleted, for example,
by positive and/or negative selection using antibodies to T cell or B cell surface markers, for
example by incubating cells with a specific primary monoclonal antibody (mAb), followed by
isolation of cells that bind the mAb using magnetic beads coated with a secondary antibody that
binds the primary mAb. Peripheral blood or bone marrow derived hematopoictic stem cells can
be isolated by similar techniques using stem cell-specific mAbs (e.g., anti-CD34 mAbs).
Specific cell populations can also be isolated by fluorescence activated cell sorting according to
standard methods. Monoclonal antibodies to cell-specific surface markers known in the art and
many are commercially available.

[0330] The pharmaceutical compositions are generally formulated as sterile,
substantially isotonic and in full compliance with all Good Manufacturing Practice (GMP)
regulations of the U.S. Food and Drug Administration.

[0331] If desired, a large proportion of terminally differentiated cells may be removed
by initially using a “relatively crude” separation. For example, magnetic bead separations may
be used initially to remove large numbers of lineage committed cells. Desirably, at least about
80%, usually at least 70% of the total hematopoietic cells can be removed.

[0332] Procedures for separation may include but are not limited to, magnetic

separation, using antibody-coated magnetic beads, affinity chromatography, cytotoxic agents
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joined to a monoclonal antibody or used in conjunction with a monoclonal antibody, including
but not limited to, complement and cytotoxins, and “panning” with antibody attached to a solid
matrix, e.g., plate, elutriation or any other convenient technique.

[0333] Procedures for screening can include, methods of screening for molecules to
generate an immune response to a HERV tumor antigen. The methods may include:

altering a nucleic acid encoding a portion of the non-variable number of tandem
repeats of HERV;

expressing the altered nucleic acid to produce a molecule;

contacting a dendritic cell with the molecule; and

contacting a T-cell with the dendritic cell,

wherein a modulation of the IFN-y production of the T-cell indicates that the molecule
may generate an immune response.

[0334] Techniques providing accurate separation include but are not limited to, flow
cytometry, which can have varying degrees of sophistication, e.g., a plurality of color channels,
low angle and obtuse light scattering detecting channels, impedance channels, etc.

[0335] The peptide disclosed herein may be encoded by the corresponding sequences

listed herein, but may also be encoded by degenerate codons, including:

Amino acid Code

GCT, GCC, GCA, GCG

CGT, CGC, CGA, CGG, AGA, AGG

AAT, AAC

GAT, GAC

TGT, TGC

GGT, GGC, GGA, GGG

CAA, CAG

GAA, GAG

CAT, CAC

ATC, ATT, ATA

TTA, TTG, CTT, CTC, CTA, CTG

AAA, AAG

ATG

TTT, TTC

CCT, CCC, CCA, CCG

TCT, TCC, TCA, TCG, AGT, AGC

ACT, ACC, ACA, ACG

TGG

TAT, TAC

<<=« |H 2RO T T || O|T 2| >

GTT, GTC, GTA, GTG

[0336] The invention has been described in detail with reference to embodiments

thereof. However, it will be appreciated that those skilled in the art, upon consideration of this
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disclosure, may make modifications and improvements within the spirit and scope of the

invention. The following non-limiting examples are illustrative of the invention.

EXEMPLARY EMBODIMENTS

EXAMPLE 1
Immune Populations Mediating GVT Effects

[0337] Ten of the first 19 and subsequently 28 of 75 patients treated with Cy/Flu based
nonmyeloablative transplantation had regression of their disease, consistent with a donor
immune mediated anti-tumor effect. The first patient treated on study with metastatic RCC
remains in remission now more than 8 years later. While the exact mechanisms underlying
regression of metastatic RCC following allogeneic HCT are not known, clinical observations
suggest an alloimmune effect mediated by donor T-cells. The majority of patients who achieve a
disease response show carly tumor growth in the first few months after transplantation, when the
newly engrafted donor immune system was checked by immunosuppressive therapy or when
mixed T-cell chimerism prevailed (leading to “tolerance” of normal host and the tumor). Tumor
regression was typically delayed (4-8 months) and followed conversion to predominantly donor
T cell chimerism after immunosuppression had been withdrawn or was reduced. As had
previously been described in patients with hematological malignancies, acute GVHD was
associated with an increased probability of tumor response. These clinical observations suggest
disease regression in this setting could be the consequence of alloreactive T-cells targeting minor
histocompatibility antigens (mHa) that are broadly expressed on both normal tissues and tumor
cells. However, tumor shrinkage observed in the absence of or temporally distant from GVHD,
implies tumor specific immune effectors might be involved in mediating RCC regression.
Finally, regression of RCC following a donor lymphocyte infusion (DLI) or after treatment with
low-dose subcutaneous interferon-alpha has also been observed, suggesting the mediators of the
GVT effect may be analogous to those in leukemia regression.

[0338] Based on clinical data as well as knowledge of the mediators of the graft-versus-
leukemia effect, donor T lymphocytes and possibly natural killer (NK) cells are the likely
effector populations mediating graft-vs-RCC effects.

[0339] Difficulty in generating RCC cell lines from patients undergoing transplantation
has hampered in vitro studies evaluating the role of the donor immune system in mediating
tumor regression. In an effort to characterize GVT effectors and their tumor antigens, RCC cell

lines were generated to use as targets in cytotoxicity assays in four patients (two non-responders
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and two responders) undergoing cyclophosphamide/fludarabine-based allogeneic HCT from

HLA matched siblings (Table below).

RBCT Patpara g AgeiGender TiRwAcy ¥ Mgtastalic GYHD Gragenget ®Dliz YT Burvival Bay
Type Eites chay EHect

14 FiMale Cleay Calf 2 i 3 Ho 303

o7 HeiEdale Chear Cal 2 + §aGrade H 1t Yes/PR 548
Day «1383

34 Stifdaie Tlear Celt 3 +}Hi5iGrade | 3 Yezi PR 1486
Bay +483

&3 S&Kale Chear Celt ¥ YE&Grade | i Ho 283

[0340] The precursor frequency of CD8+ T cells isolated from peripheral blood
lymphocytes (PBL) that were reactive against patient B-Cells and patient RCC cells was
measured using an ELISPOT analysis of IFN-g secretion. Alloreactive donor T-cells that
recognized patient B-cells were identified to have expanded in the blood of all 4 patients within
the first few months of transplantation. No donor baseline recognition of patient RCC cells
could be measured. However, following in vivo priming, RCC reactive CD8+ T-cells of donor
origin were identified in 3 of 4 patients (Figure 1). In one patient (a nonresponder), these
populations expanded transiently then disappeared in contrast to the two patients who had a
disease response in which RCC reactive T-cells were detected for 1.5 years and > 4 years post
transplant. These data provide some of the first evidence that donor CD8+ T-cells can be primed
in vivo to recognize patient RCC cells following allogeneic HCT.

[0341] To better characterize the antigens expressed on tumor cells serving as a target
for a GVT effect, PBMC collected from patient#31 at multiple time-points after transplantation
were expanded in-vitro with irradiated autologous patient tumor cells. RCC patient #31 (Patient
code SAUJ) developed liver and skin GVHD on day +121 following withdrawal of CSA on day
+100. On day +160, regression of pulmonary metastasis was noted radiographically. CD8+ T
cells isolated from fresh PBMC collected at multiple time points post transplant were identified
that recognized patient tumor cells as measured by ELISPOT for IFN-g secretion (Figure 1).
ELISPOT analysis showed RCC reactive T-cells were detectable as early as + 119 days post
transplant and persisted for more than 4 years post transplant. RCC reactive T-cells could not be
identified in either the patient pre-transplant or from PBMC collected from the donor consistent
with in vivo priming of donor T cells to an antigen expressed on the patient’s RCC cells.

[0342] PBMC collected from the patient SAUJ at multiple post transplant time points
(days + 119, 364, 1106, and 1213) were stimulated in vitro with irradiated patient tumor cells.
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At all time points tested, these CTL lines showed high degrees of cytotoxicity against patient

RCC cells.

[0343] Intracellular staining for IFN-G showed fresh PBMC collected from the patient
on day+1213 co-cultured with patient RCC cells contained a high frequency of CD8+ T cells
(0.9%) reactive against the tumor with minimal reactivity against patient fibroblasts or patient B
cells (Figure 2). PBMC from day +1213 were stimulated with irradiated patient tumor cells every
2 weeks in media containing 1L-2 and IL-15. After 5 stimulations, these CTL were analyzed by
flow cytometry and consisted of 98% CD3+ T cells and 95% CD3+/CD8+ T-cells. These CTL
showed a pattern consistent with tumor restricted recognition, lysing patient RCC cells but not
patient EBV-LCL, patient fibroblasts, K562 cells or 3™ party MHC mismatched RCC cells
(Figure 3). Flow cytometric based analysis of this CTL line showed the dominant CD8+ T-cell
population expressed TCR V beta 7 (25%; Figure 4). A pure population (>99%) of bulk TCR V
beta 7 + CD8+ T-cells were subsequently isolated from this CTL line by flow sorting. An
ELISA assay showed these V beta 7 + CTL secreted IFN-g when co-cultured with patient RCC
cells but not when co-cultured with patient or donor EBV-LCL or patient fibroblasts (Figure 5).
V beta 7 + CD8+ T-cell clones were next expanded by limiting dilution (0.3, 1, or 3 cells/well of
96-well round bottom culture plates) from V beta 7 + bulk T cells. A number of CD8+ V beta 7+
T-cell clones expanded with cytokine profiles consistent with tumor restricted recognition; these
clones secreted IFN-g when co-cultured with patient tumor cells but not when cultured with
patient EBV-LCL or patient fibroblasts (Figure 6). An ELISA assay showed blocking of MHC
class I molecules or HLA A-11 on RCC cells using monoclonal antibodies nearly completely
abolished the secretion of IFN-g that occurred when bulk V beta 7+ sorted CD8+ T-cells were
co-cultured with patient RCC cells (Figure 7); in contrast, no decrease in IFN-g secretion
occurred when tumor cells were incubated with blocking antibodies to HLA-DR or HLA B55
(patient HLA type is HLA A11,11, B 52, 55) . These findings are consistent with V beta 7+
CDS8+ CTL recognizing a peptide expressed on patient RCC cells in the context of an HLA-A 11
molecule.

[0344] CDS8+ V beta 7+ clone BZ-4, isolated by limiting dilution from bulk V beta 7
sorted CTL, was then tested for recognition of multiple HLA A11 + RCC tumor cell lines; this
clone secreted high levels of IFN-g against 5/10 tumor lines tested (Figure 8). In a cytotoxicity
assay, clone BZ-4 lysed all 5 RCC cell lines that induced IFN-g secretion. Taken altogether,

these data suggest this antigen may be commonly expressed on RCC tumor cells (Figure 9).
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¢cDNA Expression Cloning To Identify The Antigen Recognized by Allogeneic VB7"

CDS" T cells: Construction of the cDNA library

[0345] For the construction of the cDNA library, poly (A)+ RNA was purified from the
RCC cell line SAUJ-RCC (RCC patient #31) using FastTrack MAG Maxi mRNA isolation kit
(Invitrogen, Carlsbad, CA). cDNA was prepared with the Creator SMART cDNA library
construction kit (Clontech, Mountain View, CA) and was ligated to the cukaryotic plasmid
expression vector pME-SMART (pME-SMART is derived from a eukaryotic expression vector
pMEI18S [kind gift of Atsushi Miyajima, University of Tokyo] so that the vector accommodates
cDNA flanked by Sfil sites). The ligation reaction was subjected to phenol-chloroform
extraction, ethanol precipitation, two rounds of ethanol rinse, and the pellet was dissolved into 20
ul of water. Electroporation was done by adding 2 uL of the solution to 40 ul of electro
competent cells DH-10B (Invitrogen) at the condition of 1.8 kV, 200 Q, 25 uF in a cuvette with
1 mm gap. After the electroporation, E. coli cells were transferred to a tube containing 1mL SOC
medium, cultured at 37°C for 1 hour and the part of the culture was plated to LB agar plate
supplemented with ampicillin to titrate the library. E.coli cells were kept at 4°C overnight and
after the titration, inoculated into 96-well format culture blocks (10 blocks) with 1.2 ml of Super
Broth (KD Medical, Columbira, MD) at abut 100 clones/well (total cDNA library complexity:
~1x10° clones). After 24 hours culture, plasmid DNA was purified using Qiaprep 96 Turbo
Miniprep kit (Qiagen, Valencia, CA).

Screening of SAUJ-RCC ¢DNA library

[0346] COS7 cells transfected with the human HLA-A11 molecule (COS7-A11) were
used for transfecting the c-DNA library obtained from patient RCC cells. 300ng of pooled
plasmid cDNAs were transfected into 5 x 10* COS7-A11 cells using Lipofectamine 2000
(Invitrogen) in 96-well plates for 24 hours. These cells were cultured with serum- and antibiotic-
free DMEM (Cellgro). Vb7 positive SAUJ-RCC specific CTLs were added at 10,000 cells/well
and incubated an additional 24 hours; the supernatants were then harvested and GM-CSF
production was measured using an ELISA assay (Figure 10). Bacteria were transformed with
cDNA pools from 4 positive wells in the first screening, and plasmids containing 15 bacterial
clones were used for the second screening using CTL clones. After the second screening, two
cDNAs were isolated and purified into individual cDNA clones.

Determination of the c-DNA clones recognized by the RCC reactive Vb7 positive
CD8 T cells

[0347] By screening COS7-Al11 cells transfected with serial dilutions of c-DNA, we
identified 2 tumor derived c-DNA’s when transfected into COS7-A11 cells that induced GM-
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CSF secretion (measured by ELISA) when co cultured with tumor reactive T-cells; DNA

sequencing showed these c-DNA shared a common sequence region of 375 base pairs. A
schematic representation of the structures and sequences of these two c-DNAs (named CT-RCC
8 and CT-RCC 9) are shown in Figure 11. The orange boxes represent the 375-bp common
region of CT-RCC 8 and CT-RCC 9, and the green and blue boxes represent the unique regions
of CT-RCC 8 (1780 bp) and CT-RCC 9 (203 bp) respectively. The entire cDNA length of CT-
RCC 8 or CT-RCC 9 without the poly(A) sequence is shown above each double-headed
horizontal arrow. The relative positions of the exons are indicated with nucleotide numbers
(below boxes) corresponding to those of the Clone RP3-488C13 on Chromosome 6 (GenBank
accession number, AL.133408). The nucleotide sequence of the 375-bp common region of CT-
RCC 8 and CT-RCC 9 is shown in the bottom aspect of Figure 11 (b).

[0348] Figure 12 shows chromosome localization of CT-RCC 8 and 9. CT-RCC 8 and
CT-RCC 9 were found to localize to a HERV (ID: 23549) found on chromosome 6. The upper
panel on figure 12 illustrates the cDNA structures of CT-RCC 8 and CT-RCC 9. In a lower
panel, exons (CT-RCC 8 and CT-RCC 9 cDNAs) joined by splicing are shown as boxes linked
by lines. Exons are illustrated so as to show their relative positions to the HERV ID: 23549
region on chromosome 6 (nt 89367903 — nt 89375827). The lower part of the panel in figure 12
was excerpted from www.retrosearch.dk.

[0349] Figure 13 shows localization of CT-RCC 8 and CT-RCC 9 sequences on
chromosome 6. The cDNA sequences of CT-RCC 8 and CT-RCC 9, which localize in the
HERYV ID: 23549 region on chromosome 6, are highlighted in colors (Figure 13). Bold vertical

lines on the right indicate locations of the common region, and unique regions of CT-RCC 8 and
CT-RCC 9 with nucleotide numbers corresponding to cDNA sequences. The HERV ID: 23549
sequence is shown in uppercase letters.

[0350] Figure 14 show schematic representation of plasmid constructs for the
identification of the tumor-specific antigen recognized by RCC reactive CTL. Plasmids carrying
parts of CT-RCC 8 and CT-RCC 9 were constructed by inserting PCR-amplified DNA fragments
or annealed oligonucleotides into the pcDNA3.1 Directional TOPO Expression vector in order to
identify the tumor-specific antigen recognized by CTL (see “Materials and Methods”). In panel
A, 18 - 125 (ORF), 13 — 45 (ORF) and 273 — 317 (ORF) plasmids were constructed to target
ORFs of the common region. Panel B (Figure 14) depicts serially truncated forms of plasmids
which were constructed on the basis of the results obtained using plasmids shown in panel A.

Panel C shows plasmids in which initiation (ATG) and termination (TGA) codons were created
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at their 5’- and 3’-sites, respectively. Numbers delineate nucleotide positions in the common
region of CT-RCC 8 and CT-RCC 9.

[0351] Figure 15 shows ELISA analysis for the identification of the tumor-specific
antigenic epitope recognized by RCC reactive CTL. Using the above plasmid constructs, an
ELISA analysis measuring GM-CSF secretion was performed to identify the tumor-specific
antigenic epitope recognized by RCC reactive CTL. Cultured RCC reactive Vb7 positive T-cells
were added to COS7-A11 transfected target cells in 96-well plates. After 24-hour co-culture at
37°C, supernatants were collected to measure GM-CSF release from T-cell clones in duplicate
assays. Absorbance was detected at 450 nm using an ELISA Reader and data were calculated
based on the standard curve generated from commercial recombinant human GM-CSF standard.
Results of the ELISA assay are shown (Figure 15) with the positive (+) and negative (-) symbols
on the right representing the presence or absence of GM-CSF production by the T-cells when co
cultured with COS7-A11 cells transfected with different plasmids.

[0352] Figure 16 show plasmid constructs encoding short peptides (“Mini-genes”) used
to identify the tumor-specific antigenic peptide recognized by RCC reactive T cells. On the basis
of the results shown in Figure 14, plasmid constructs encoding much shorter peptides were
constructed to identify an exact antigenic peptide. Forward and reverse synthetic
oligonucleotides were generated, annealed and then inserting into the pcDNA3.1 Directional
TOPO Expression vector. For directional cloning, an extra CACC or GGTG sequence was
attached to 5 ends of forward oligonucleotides or 3’ ends of reverse oligonucleotides,
respectively. (1) ATT-101P-142D plasmid carrying annealed oligonucleotides (nt 101 — 142)
has a putative non-AUG initiation codon, ATT. The putative ATT initiation codon was replaced
with ATG in ATG-101P-142D plasmid or GCT in GCT-101P-142D plasmid. In the ATTdel-
101P-142D plasmid, ATT was deleted as indicated with dashes. ATG-104N-138R plasmid was
created to encode a different frame of peptide, in which T (nt 100) and C (nt 95) were replaced
with C and T, respectively, to disrupt the putative ATT initiation codon and one codon directly
upstream of ATT. The amino acid translations of these “mini-genes” are shown under each
nucleotide sequence. Stop codons are indicated with asterisks (*). (2) Plasmids encoding 8-mer
to 10-mer peptides were created to identify the exact antigenic epitope. Synthetic forward and
reverse oligonucleotides were designed to create annealed oligonucleotides with the ATG
initiation codon at the 5’ ends and TAG termination codon at the 3’ ends. Cultured RCC reactive
T-cells were added to COS7-A11 target cells transfected with different “mini-genes” in 96-well
plates. After 24-hour co-culture at 37°C, supernatants were collected to measure GM-CSF

release from T-cells in duplicate assays, as above. Results of the ELISA assay are shown (Figure
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16) with the positive (+) and negative (-) symbols on the right representing the presence or
absence of GM-CSF production by the T-cells when co cultured with COS7-A11 cells
transfected with different :mini-gene” plasmids.

[0353] Figure 17 shows ELISA analysis for the identification of the tumor-specific
antigenic peptide epitope recognized by CTL. The upper panel shows the four candidate peptide
sequences (three 10 mers and one 9 mer) that were synthesized to identify the exact tumor-
specific antigenic epitope. COS7-A11 cells were pulsed with varying concentrations of each
peptide then screened for their ability to induce IFN-gamma production by RCC reactive CTL.
The 10 mer Pep-A104-K133 (ATFLGSLTWK) (SEQ ID NO: 1) induced dose dependent IFN-
gamma production first evident in the InM concentration range consistent with this peptide
being the antigenic HLA-A11 restricted antigen recognized by the RCC reactive SAUJ T-cell
clone.

[0354] Figure 18 shows location of the tumor-specific antigenic 10-mer peptide in the
common region of CT-RCC 8 and CT-RCC 9. The predicted amino acid translations from 3
different ORFs of the common region of CT-RCC 8 and CT-RCC 9 are shown under the
nucleotide sequence.

[0355] The amino acid residues of the tumor-specific 10-mer peptide (Pep-A104-K133)
(SEQ ID NO: 1) are specified in underlined bold letters. The putative translation initiation site,
ATT, is indicated in bold letters.

[0356] Figure 19 shows analysis of expression of CT-RCC 8 and CT-RCC 9 in normal
tissues by semi-quantitative RT-PCR. The Human-24 Tissue RapidScan Gene Expression
cDNA panel was obtained from Origene and used for semi-quantitative RT-PCR analysis in
order to examine expression levels of the CT-RCC common region, CT-RCC 8, CT-RCC 9 and
B-actin (used as an internal control). cDNA obtained from SAUJ RCC was used as a positive
control. PCR amplification was carried out in a total 30 pL of reaction volume using the TaKa
LA Taq Kit. PCR cycling conditions for CT-RCC 8 and B-actin were 1 cycle of 95°C for 2min
(denaturing); 30 cycles of 95°C for 30 sec (denaturing), 55°C for 30 sec (annealing), 72°C for 1
min (extension); 1 cycle of 72°C for 5 min. CT-RCC 9 was amplified in a similar manner,
except for the annealing step (52°C for 30 sec). 5 pL aliquots of PCR-amplified products were
separated on 1% agarose gels. The PCR product derived from SAUJ RCC (positive control) was
loaded on the far right well of the agarose gel. Semi-quantitative RT-PCR showed no expression
of CT-RCC 8 and CT-RCC 9 in normal tissues.

[0357] Figure 20 shows analysis of expression of CT-RCC 8 and CT-RCC 9 in

different non RCC cancer cell lines by semi-quantitative RT-PCR. mRNA expression levels of
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CT-RCC 8 and CT-RCC 9 in 33 different cancer cell lines, established from 9 different types of

malignant tissues, were examined by semi-quantitative RT-PCR using cDNAS prepared as
detailed in “Materials and Methods”. cDNA from SAUJ-RCC and SAUJ-LCL were used as
controls. PCR amplification was carried out in 30 pL of reaction volume using the TaKaRa LA
Taq Kit. CT-RCC 8 and B-actin were amplified by PCR as follows: 1 cycle of 95°C for 2min
(denaturing); 30 cycles of 95°C for 30 sec (denaturing), 55°C for 30 sec (annealing), 72°C for 1
min (extension); 1 cycle of 72°C for 5 min (additional extension). CT-RCC 9 was amplified in a
similar manner, except for the annealing step (52°C for 30 sec). Semi-quantitative RT-PCR
showed no expression of CT-RCC 8 and CT-RCC 9 in any of the non RCC tumor lines tested.

[0358] Figure 21 shows analysis of expression CT-RCC 8 and CT-RCC 9 in different
renal cell carcinoma cell lines. (A) Semi-quantitative RT-PCR was performed using cDNAs
prepared from RCC cell lines generated from the tumors of 14 different patients. cDNAs
isolated from EBV-LCL (donor) and fibroblast cells (SAUJ-Fibro) of the patient were used as
controls in a similar manner as described elsewhere. Semi-quantitative RT-PCR showed
expression of CT-RCC 8 and CT-RCC 9 in 8/14 RCC tumor lines tested. (B) quantitative real-
time PCR was carried out in a total 25 pL of reaction volume containing cDNA, the TagMan
Universal PCR Master Mix (Applied Biosystems), an appropriate primer set and a TagMan
probe (see “Materials and Methods™). Quantitative real-time PCR confirmed expression of CT-
RCC 8 and CT-RCC 9 in 8/14 RCC cell lines

[0359] Figure 22 shows analysis of expression of the Common Region of CT-RCC 8

and CT-RCC 9 in normal tissue by Quantitative real-time PCR. c-CDNAs from 48 normal
tissues were analyzed.

[0360] Figure 23 and Figure 24 shows analysis of Expression of CT-RCC 8 and CT-
RCC 9 in Different Cancer Cell Lines by Semi-Quantitative RT-PCR (30-Cycle PCR) (1) and
Quantitative real-time PCR (2). This antigen meets several criteria that would make it a good
target for T-cell based immunotherapy protocols (e.g., tumor restricted, recognized by T-cells,
and expressed on > 50% or RCC cells).

Vaccine protocols according to one aspect, to boost a cytotoxic T-cell response against
this antigen in patients with metastatic RCC. Such strategies could include:

[0361] Vaccination with the immunogenic 10 amino acid peptide derived from this CT-

RCC gene in RCC patients who are HLA A117;
[0362] Vaccination with other immunogenic peptides derived from this CT-RCC gene

presented in the context of other HLA class I molecules in RCC patients;
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[0363] The adoptive infusion of autologous patient or allogeneic donor (in the
transplant setting) CT-RCC specific T-cells expanded in vitro with tumor
specific cytotoxity; and

[0364] The adoptive infusion of autologous patient or allogeneic donor (in the
transplant setting) dendritic cells that have been transfected with the entire
common sequence region or other c-DNAs derived from the CT-RCC gene, or

RNA derived from this gene.

Cell lines

[0365] The human renal cell carcinoma (RCC) cell line, SAUJ-RCC, was established
from a patient’s nephrectomy sample procured at NCI/NIH and maintained in our laboratory.
Using the same patient’s peripheral blood monoculcear cells (PBMCs), a lymphoblastoid cell
line, SAUJ-LCL, and a fibroblast cell line, SAUJ-Fibro, were established as follows: SAUJ-LCL
was established by culturing with Epstein-barr virus (EBV)-containing supernatant harvested
from cell line B95-8 (American Type Culture Collection [ATCC], Manassas, VA) in the
presence of 100 pg/mL cyclosporine A (Sandoz Pharmaceuticals, Washington, DC); SAUJ —
Fibro was established by in vitro culturing of cells obtained from a skin punch biopsy from
patient SAUJ .

[0366] In a similar manner, a lyphoblastoid cell line, SKEM-LCL, was established from
PBMC:s collected from an HLA identical sibling of patient SAUJ who served as the patient’s
hematopoietic stem cell donor. Other cell lines used in this study were as follows; two HLA-
A11 positive RCC cell clines (MAR-RCC, BEN-RCC); seven RCC cell lines established from
patients who were not HLA-A11 positive that were subsequently stably transfected to express
HLA-A11 (COL-RCC, SEA-RCC, WHI-RCC, STR-RCC, URB-RCC, SNY-RCC and ORT-
RCC; a gift from Dr. Qiong Wang at NCI/NIH); four RCCs that were HLA A1l negative (STA-
RCC, JOH-RCC, POR-RCC and LYO-RCC); seven colon cancer cell lines (SW948, SW620,
SW480, SW116, T84, DLD1 and HT29); six lung cancer cell lines (Calu-6, H1299, 2228, H460,
2087 and 1355); four melanoma cell lines (STEW, Roman-MEL, SK-23 and 888); three
pancreatic cancer cell lines (SHAW, ZYRD and Pancl), three prostate cancer cell lines (DU145,
LNCaP and PC3); two breast cancer cell lines (T47D and MCF-7); six hematopoietic malignant
cell lines (K562, KGla, CLL119, Raji, Ramos and RPMI8226); one ovarian cancer cell line
(SKOV-3); one neuroblastoma cell line (BE-2-C).

[0367] A COS7 cell line that was stably transfected with human HLA-A11 was a gift
from Dr. Kenichi Hanada at NCI/NIH. COS7-A11 cells were used as target cells for transfection

-76 -



WO 2007/109583 PCT/US2007/064237

of the cDNA library or plasmid constructs, or peptide-pulse elements for the T-cell recognition
assay. Nine HLA-A11 positive RCC cell lines were maintained in Dulbecco’s Modification of
Eagle’s Medium (Cellgro, Herndon, VA) supplemented with 10% fetal calf serum (FCS;
Cellgro), 10% tryptose (Sigma, St. Louis, MO), 1% insulin-transferrin-selenium (GIBCO
Invitrogen, Carlsbad, CA), 1 mM sodium pyruvate (GIBCO Invitrogen), 100 units of penicillin
(GIBCO Invitrogen), 100 ng/mL of streptomycin (GIBCO Invitrogen), and 500 pug/mL geneticin
(GIBCO Invitrogen). The fibroblast cell line SAUJ-Fibro was cultured with 10% FCS / DMEM.
All other cell lines were maintained in RPMI 1640 medium containing 10% FCS, 100 units of
penicillin, 100 ng/mL of streptomycin, and 500 pg/mL geneticin.

Cytotoxicity assay

[0368] Cytotoxic activities were measured by 6-hour *' Cr-release assay at various ratios
of effectors to target cells (Igarashi, Wynberg et al. 2004; Takahashi, McCoy et al. 2004). Target
cells (10° cells) were incubated with 100 uCi (3.7Mbq) Na, ' CrO4 (Amersham Biosciences,
Piscataway, NJ) for 1 hour, washed, and resuspended with RPMI1640 medium at a concentration
of 1 x 10° cells/mL. An aliquot (1 x 10" cells/100 uL) of each target cell suspension were co-
cultured with 100 uL of cell suspension containing various numbers of effector cells in 96-well
round-bottom plate, resulting in a total volume of 200 uL/well. After 6-hour incubation at 37°C,
25uL of supernatant was harvested, and radioactive content was measured by a gamma counter.
Specific cytotoxicity was calculated as [(experimental °'Cr release - spontancous ' Cr
release)/(maximum ' Cr release - spontancous *'Cr release)] x 100%. All values shown
represent the average of duplicates or triplicates +£ 1 SD.

Generation and cloning of HLA-A11-restricted Cytotoxic T-lymphocytes (CTLs)

[0369] PBMCs collected before and after allogeneic hematopoietic stem cell
transplantation from patient SAUJ (HLA-A11/A11, B51/B55, Cw0101/Cw0701) were prepared
by Ficoll (Lymphosep™, Lymphocyte separation medium, MP Biomedicals, Irvine, CA) density
gradient centrifugation. SAUJ-PBMCs were cultured in RPMI 1640 (Cellgro) culture medium
supplemented with 10 ng/mL of recombinant human interleukin (IL)-15 (R&D systems,
Minneapolis, MN), 10% of human AB serum (Gemini Bio-Products, Woodland, CA), 0.25M
HEPES (Cellgro), 50 units of penicillin, and 50 ug of streptomycin (GIBCO Invitrogen). Cells
were stimulated with irradiated (200Gy) SAUJ-RCC tumor cells at 7-14 day intervals.

Rapid Expansion of SAUJ-CTL clone BZ-4

[0370] CDS8+ V beta 7+ CTL isolated by flow sorting from bulk SAUJ-CTL were
cloned by limiting dilution (0.3, 1, or 3 cells/well) into 96 well round-bottom plates containing
irradiated HLA mismatched (allogeneic) PBMCs feeder cells, rhlL-2, and anti-CD3 mAb.
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Fourteen days later, wells exhibiting cell growth were tested for target recognition by
cytotoxicity or IFN-gamma (IFN-g) secretion. The T-cell clone BZ-4, which appeared to
specifically recognize SAUJ-RCC cells but not patient fibroblasts or EBV-LCL was further
expanded for additional experiments.

[0371] SAUIJ-CTL clone BZ-4 cells were resuspended in 25mL of AIM-V medium
(GIBCO Invitrogen) containing 300 IU/mL of IL-2, 30 ng/ul. of OKT3, 2.5x106 cells irradiated
(50Gy) allogeneic feeder cells from a healthy volunteer. The cells were cultured in a 25-cm2
flask. On day 5, 20ml of culture medium was removed and replaced fresh medium including IL-
2. On day 8 and 11, the cells were given IL-2.

Flow cytometric analysis (intracellular IFN-g staining)

[0372] The frequency of RCC-specific T-cells from RCC patient SAUJ (1213 days
after transplantation) and his HLA matched sibling donor (SKEM) was determined by
intracellular IFN-g staining. PBMCs obtained from day 1213 post transplant were cultured in the
presence or absence of one of 3 different stimulator populations (either SAUJ-RCC cells, SAUJ-
Fibrobalsts, or SAUJ-B-cells); brefeldin A (Sigma) was used block cytokine secretion.
Following a 6 hour co-culture, cells were harvested, washed, permeabilized, and stained with
anti-CD8-PerCP and anti-human IFN-g FITC monoclonal antibodies (BD Pharmingen, San
Diego, CA). After a final wash, cells were resuspended in 1% formaldehyde/PBS and analyzed
on a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA).

Enzyme-linked immunosorbent assay (ELISA)

[0373] Cultured T- cell lines or T cell clones were added to target cells in round-bottom
96-well plates. After 24 hours co culture at 37°C, 50 uL of supernatants was collected to measure
IFN-g or GM-CSF secretion by ELISA (ENDOGEN, Woburn, MA) in duplicate assays. The
concentration of reagents and the ELISA procedure recommended by ENDOGEN was followed
without deviation. Absorbance was detected at 450 nm using an ELISA reader (VICTOR3
Multilabel counter; Perkin Elmer, Wellesley, MA) and data were calculated based on the
standard curve generated from commercial recombinant human IFN-g or GM-CSF standards
(ENDOGEN).

Antibody blocking assays

[0374] The impact on IFN-g secretion using monoclonal antibodies that block MHC
class I, HLA- A11, HLA-B55 and HLA-DR on SAUJ-RCC cells and TCR V beta 7, TCR V
beta 3, CDS, and CD4, on SAUJ V beta 7 + sorted CTL was assessed by ELISA.
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Enzyme-linked immunospot (ELISPOT) assay

[0375] IFN-g-producing antigen-specific T cells were counted using an IFN-g-specific
ELISPOT assay. A 96-well polyvinylidene difluoride plate (MAIPS4510; Millipore, Bedford,
MA) was coated overnight at 4°C with 100 uL of 15 ng/mL anti- IFN-g mAb, 1-D1K (Mabtech,
Nacka, Sweden) in 0.1 M carbonate-bicarbonate buffer (pH 9.6; Sigma, St. Louis, MO). After
six washes with PBS, PBMCs were added in triplicate at 5 x 10" cells/well in the absence or
presence of the same number of stimulator cells or 10 ug /mL peptides in RPMI 1640 containing
10% fetal calf serum (FCS) and incubated overnight at 37°Cin 5 % CO,. The next day, cells
were removed by washing with PBS/0.05% Tween 20 and biotinylated anti- IFN-g mAb, and 7-
B6-1 biotin (Mabtech) was added 100 ul of 1 u-g/ml and left for 2 hours at room temperature,
followed by incubation with streptavidin-alkaline phosphatase (Mabtech) for an additional 1
hour. Individual cytokine-producing cells were detected as dark purple spots after 10-minute
reaction with 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium alkaline phosphatase
substrate (Sigma). After washing in tap water to stop color development, colored spots on the
dried membranes were counted using a KS-ELISPOT microscopy system (Carl Zeiss, Jena,
Germany).

TCR usage of SAUJ-CTLs-

[0376] TCR Vbeta usage was quantitated by flow cytometric staining of bulk SAUJ
CTL using monoclonal antibodies staining 22 different V beta families.

RNA isolation

[0377] Total cellular RNAs from RCCs and other cancer cell lines were extracted using
the RNeasy Mini RNA Purification Kit (Qiagen, Valencia, CA), according to manufacturer’s
protocol. Two sets of total RNAs were prepared from individual cell lines to perform
experiments in duplicate. In brief, cells (5 x 10°) were lysed by addition of Buffer RLT and then
vortex. The cell lysate was placed onto a QIAshredder spin column and centrifuge for 2 min at
13200 rpm using Eppendorf 5415D microcentrifuge in order to homogenize the sample. One
volume of 70% ethanol was added to the homogenized lysate and mixed by pipetting. The
sample was applied to an RNeasy mini column and centrifuge for 15 sec at 13200 rpm, followed
by washing with Buffer RW1 and then Buffer RW2. The RNeasy column was transferred to a
new 1.5 mL collection tube, added 40 uL. RNase-free water and centrifuges for 1 min at 13200
rpm in order to elute RNA.

[0378] Total cellular RNAs from the OCT-embedded tissues (RCCs or kidney normal
tissues) were obtained using the PicoPure RNA Isolation Kit (Arcturus, Mountain View, CA) as

follows. Using the frozen-OCT thin sections, cells were microdissected under a microscope by a
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pathologist (Dr. Maria Merino, NCI/NIH) and placed into individual 0.5 mL tubes with 50 pL of

Extraction Buffer (PicoPure RNA Isolation Kit), followed by gentle resuspension and then
incubation at 42° C for 30 min. After centrifugation at 3000 x g (5700 rpm) for 2 min, the
supernatant containing the extracted RNA was transferred into a new microcentifuge tube, and
100 uL of 70% ethanol was added to the sample. The mixture was loaded into a pre-conditioned
purification column, centrifuged for 2 min at 100 x g (800 rpm) to bind RNA to the column,
immediately followed by a centrifugation at 16000 x g (13100 rpm) for 30 sec to remove
flowthrough. The column was washed with Wash Buffer 1 and then Wash Buffer 2 by
centrifugation at 8000 x g (9300 rpm) for 1 or 2 min, respectively. RNA was cluted from the
column with 11 pL of Elution Buffer.

[0379] RNA concentration was measured using the NanoDrop ND-1000
Spectrophotometer (NanoDrop Technologies, Inc, Wilmington, DE).

[0380] All RNA samples were treated with DNase I (Amplification Grade; Invitrogen,
Carlsbad, CA) to remove residual genomic DNA, according to the manufacturer’s instruction. In
brief, all RNA preparations (1.375 pg/each) was incubated with 20 pL of reaction mixture
containing 1 pL of DNasel (1 U/uL) and 1puL of 10X DNasel Buffer at room temperature for 15
min. The reaction was stopped by adding 2 pL of 25 mM EDTA, pHS.0, and then incubating at
65°C for 10 min. The isolated RNA was used for cDNA synthesis immediately or stored at -
80°C until use.

c¢DNA Preparation

[0381] cDNAs were synthesized using the SuperScript III First-Strand Synthesis
System for RT-PCR (Invitrogen), according to the manufacturer’s protocol. DNase I-treated
total RNA was reverse-transcribed to cDNA. Briefly, 1 pg of DNase I-treated RNA was
incubated in 10 pL of reaction mixture containing 1 pL of 50 pM oligo(dT),o primer, 1 pL of 10
mM dNTP Mix and DEPC-treated water at 65°C for 5 min. The reaction mixture was further
incubated for 50 min at 50°C by adding 10 pL of a cDNA Synthesis Mix containing 2 pL of 10X
RT buffer, 4 uL of 25 mM MgCl,, 2 uL of 0.1M DTT, 1uL of RNaseOUT (40 U/uL) and 1 pL.
of SuperScript III RT (200 U/uL). The reaction was terminated at 85°C for Smin and then
chilled on ice, followed by additional incubation with 1 uL of RNase H for 20 min at 37°C. The
synthesized cDNA was used for PCR amplification immediately or stored at -20°C until use.

[0382] cDNAs derived from normal human tissues were purchased from Origene

Technology Inc (Rockville, MD) and were used to test for expression of the newly discover gene

CT-RCC.
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Genomic DNA isolation

[0383] Genomic DNAs were isolated from renal cell carcinomas and other cell lines
using the QIAamp DNA Blood Mini Kit (Qiagen). Cell pellet (5 x 10° cells) obtained by
centrifugation was resuspended in 200 pL of phosphate-buffered saline, and added 20 pL of
Qiagen Protease and 200 pL of Buffer AL. After mixing by vortex, the sample was incubated at
56°C for 10 min and added 200 pL of 100 % ethanol. The mixture was applied into a QlAamp
spin column, centrifuged at 6000 x g (8000 rpm) for 1 min, followed by washing with 500 uL of
Buffer AW1 and then 500 pL of Buffer AW2. The washed column was placed in a 1.5 mL
microcentrifuge tube, added 200 pL of Buffer AE, incubated at room temperature for 1 min, and
then centrifuge at 6000 x g (8000 rpm) for 1 min. DNA concentration was measured using the
NanoDrop ND-1000 Spectrophotometer.

[0384] The DNAs were used for sequencing analysis of the genomic region
encompassing cDNA clones of CT-RCC 8 and CT-RCC 9, and the upstream genomic sequence
of these cDNA clones.

Plasmid Construction

[0385] Plasmids were constructed using the pcDNA3.1 Directional TOPO Expression
Kit (Invitrogen) in order to identify a tumor-specific antigen recognized by the CD8+ V beta 7+
SAUJ CTLs. Mini-gene DNA fragments were prepared by PCR amplification or annealing of
synthetic-forward and -reverse oligonucleotides as described below. For the PCR-based plasmid
construction, PCR products were amplified with CT-RCC 8 or CT-RCC 9 cDNA clones as a
template and appropriate primer sets (see “List of Primers and Probes™). Each forward primer
has an extra CACC sequence at its 5’end for directional insertion into the pcDNA3.1 Directional
TOPO Expression vector. The PCR products were separated by agarose gel electrophoresis and
extracted from the gels using the QIAquick Gel Extraction Kit (Qiagen). For the annealing
based-plasmid construction, synthetic-forward and -reverse oligonucleotides were designed to
construct short DNA fragments encoding parts of the common (shared) region of CT-RCC 8 and
CT-RCC 9. For directional insertion into the vector, an extra CACC or GGTG sequence was
attached to 5 ends of forward oligonucleotides or 3’ ends of reverse oligonucleotides,
respectively. Each 20 pL of forward (10 mM) and reverse (10 mM) oligonucleotides were
combined and heated at 95°C for 5 min using the Eppendorf Thermomixer 5436 (Eppendorf,
Westbury, NY), followed by gradually cooling to room temperature. The gel-purified PCR
products or annealed oligonucleotides were cloned into the pcDNA3.1-TOPO vector and
transfected into competent Escherichia coli (TOP10 cells), according to the manufacturer’s

instruction (Invitrogen). Briefly, 2 pL of PCR product or annealed oligonucleotides were
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incubated with the pcDNA3.1 TOPO vector and Salt Solution at room temperature for 30 min,

and 2 pL of the reaction mixture was put into a vial of One Shot TOP10 Chemically Competent
E. coli. The mixture was incubated on ice for 30 min, heat-shocked for 30 sec at 42°C without
shaking, and immediately chilled on ice. After addition of 250 pL of S.0.C. medium, the
mixture was subjected to shaking at 37°C for 1 hr, followed by spreading on agar plates for
selection of bacterial colonies. Bacteria colonies were cultured in LB medium with ampicillin
overnight and subjected to the plasmid DNA extraction using the QIAprep Spin Miniprep Kit
(Qiagen), following the manufacturer’s protocol. Briefly, the bacteria pellet prepared by
centrifugation was resuspended in 250 pL of Buffer P1, mixed well by vortex, added 250 pL of
Buffer P2 and then mixed. After addition of 350 pL of Buffer N3, the sample was mixed and
centrifuged for 10 min at 16100 x g (13200 rpm). The supernatant was applied onto a QIAprep
Spin Column and centrifuged for 1 min, followed by washing with 0.5 mL of Buffer PB and then
0.75 mL of Buffer PE by centrifuging for 1 min. To elute plasmid DNA, the Spin Column was
placed in a 1.5 mL tube, added 50 pL of Buffer EB, let stand for 1 min and centrifuged for 1 min.
The inserted DNA sequences were confirmed by sequencing analysis as described below.

Sequencing analysis

[0386] Sequence analysis of PCR-amplified DNA fragments, which were generated in
semi-quantitative RT-PCR, was carried out to confirm that the DNA fragments were derived
from mRNAs of CT-RCC 8 or CT-RCC 9. The PCR bands electrophoresed on agarose gels
were cut out, extracted using the QIAquick gel extraction Kit (Qiagen) and subjected to sequence
analysis as described below. To examine genomic sequences localizing CT-RCC 8- and CT-
RCC 9-exons, PCR amplification of genomic DNA was done by 1 cycle of denaturing (95°C for
2 min); 35 cycles of denaturing (95°C for 30 sec), annealing (52°C or 55°C for 50 sec) and
extension (72°C for 1 min), followed by extension (72°C for 5 min). The obtained PCR products
were purified by the QIAquick Gel Extraction

[0387] Kit after cutting DNA fragments from agarose gels or QIAquick PCR Extraction
Kit.

[0388] The purified PCR products derived from cDNAs or genomic DNAs were
subjected to direct sequencing analysis with adequate primers (see “List of Primers and Probes”)
using the BigDye Terminator version 3.1 Ready Reaction Kit and ABI Prism 3100 Genetic
Analyzer (Applied Biosystems), according to the manufacturer’s protocol. pME-SMART- or
pcDNA3.1-based plasmids described above were sequenced in a similar manner. were used for
pME-SMART plasmids, and T7 TOPO F and BGH TOPO R primers were used for pcDNA3.1
constructs. pME-SMART-based plasmids obtained by ¢cDNA cloning were sequenced using the
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BLAST Search. Sequences of pcDNA3.1-based mini-gene plasmids were confirmed by

comparing with the human DNA sequence from clone RP3-488C13 on chromosome 6
(Accession # AL133408) or oligonucleotide sequences designed using the Blast2 program.

Semi-Quantitative Reverse Transcriptase (RT)-Polymerase Chain Reaction (PCR)

[0389] Total cellular RNAs from RCC cell lines and from fresh RCC tumor biopsies
and other cell lines were transcribed to cDNA using the SuperScript 111 First-Strand Synthesis
System for RT-PCR (Invitrogen), according to the manufacturer’s protocol. In brief, 1 pg of
DNase I-treated total RNA was incubated in 10 pL of reaction mixture containing 1 pL of 50 uM
oligo(dT),o primer, 1 pL of 10 mM dNTP mix and DEPC-treated water at 65°C for 5 min. After
incubation, the reaction mixture was further incubated for 50 min at 50°C by the addition of 10
uL of a cDNA Synthesis Mix containing 2 puL of 10X RT buffer, 4 uL of 25 mM MgCl,, 2 uL of
0.1M DTT, 1uL of RNaseOUT (40 U/uL) and 1 uL of SuperScript I RT (200 U/uL). The
reaction was terminated at 85°C for Smin and then chilled on ice. By brief centrifugation to
collect the reaction, 1 pLL of RNase H was added, and subjected to incubation for 20 min at 37°C.
The synthesized cDNA was used for PCR immediately or stored at -20°C until use. The TaKaRa
LA Taq Kit (TaKaRa Bio, Madison, WI) was used for PCR. A PCR mixture for CT-RCC 8 or
CT-RCC 9 was composed of 6 puL of 20-fold diluted cDNA reaction mixture, 3 uL. of 10X
Buffer, 6 pL of NTP Mix (2.5 mM each), 1.5 U LA Taq and an adequate primer set in a
reaction volume of 30 pL.

[0390] For semi-quantitative RT-PCR evaluating CT-RCC 8 and 9 expression in
normal human tissues, we obtained the Human-24 Tissue RapidScan Gene Expression cDNA
panel from Origene Technologies, Inc. (Rockville, MD). As one panel was composed of two
identical 96-well PCR plates containing cDNAs, we had two identical cDNA plates. cDNAs
from normal human 24 tissues, which were diluted to a series of four concentrations based on a
house keeping gene (B-actin), were arrayed into the plate. We used the highest concentration of
cach cDNA among the serially diluted cDNA templates for semi-quantitative RT-PCR.
cDNA/well was dissolved with 25 pL of 1X TE. Each 4 pL of aliquot was used for semi-
quantitative PCR to examine expression levels of CT-RCC 8, CT-RCC 9 and B-actin (an internal
control). The reaction mixture condition was similar to that described above. Using the
GeneAmp PCR System 9700 (Applied Biosystems), PCR amplification of CT-RCC 8 and f3-
actin are done by 1 cycle of 95°C for 2min (denaturing); 30 cycles of 95°C for 30 sec
(denaturing), 55°C for 30 sec (annealing), 72°C for 1 min (extension); 1 cycle of 72°C for 5 min.
CT-RCC 9 was amplified in a similar manner, except for an annealing step (52°C for 30 sec).

All conditions described above for the semi-quantitative RT-PCR, especially the volume of
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target cDNA, annealing temperature and PCR cycles, were decided by several preliminary
experiments.

[0391] Aliquots (5 puL/each well) of PCR products were separated on 1% agarose gels
containing ethidium bromide. Their images were visualized under an ultraviolet lamp and saved
using Chemilmager 5500 (Alpha Innotech; San Leandro, CA).

Quantitative RT-PCR

[0392] Real-time quantitative RT-PCR was carried out using the 2X TaqgMan Universal
PCR Master Mix on the 7500 Fast Real-Time PCR System in duplicate, according to the
manufacturer’s instruction (Applied Biosystem, Foster City, CA). Using the Primer Express
v2.0 software (Applied Biosystem), primers for the CT-RCC-common region, CT-RCC 8- or
CT-RCC 9-specific region, and B-actin (an internal control) were designed. The specificity of
primers and probes was assessed after sequence alignment using the Blast data bank against the
human genome. The CT-RCC-common region, CT-RCC 8 or CT-RCC 9-specific region, and p-
actin probes were labeled with FAM and TAMRA at the 5° and 3’ends, respectively. B-actin was

used as an internal control. These primers and probes are listed in the table below.

Primers and probes for real-time PCR

Primer & Probe (FAM — TAMRA)  Sequence (5° - 37)

CT-RCC common region

RCC-CommonF: GCAGATCCTGGGAGCACTCT
RCC-CommonR : TGTTCAACCGCTGTGTTAATTCTC
RCC-CommonTaq: (FAM) TGCCCTGGTCAAATGCCTTGCC (TAMRA)

CT-RCC 8-specific region

RCC-8F: GAACACCGGGAAGGAATCG
RCC-8R: TCTGCGGCTTGCTGCAT
RCC8-Taq: (FAM) CATGTTCCAGATGTCCAGACTCCAATCG (TAMRA)

CT-RCC 9-specific region

RCC-9F: TGGAACATAGCCCCTTTGTG

RCC-9R: GGATCCAGGCCGGAATTC

RCC9-Taq: (FAM) TGGTCTGGCATCCTTTCCACCG (TAMRA)
B-actin

B-actin-420F : GCGAGAAGATGACCCAGATC

B-actin-522R : CCAGTGGTACGGCCAGAGG

B-actin-Taq: (FAM) CCAGCCATGTACGTTGCTATCCAGGC (TAMRA) .

[0393] The primers were synthesized by Integrated DNA Technologies, Inc (IDT;
Coralville, IA) and TagMan probes were synthesized by Applied Biosystem or IDT.
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[0394] To examine quantitative expression levels of CT-RCC 8 and CT-RCC 9 in RCC

cell lines and other cancer cell lines, cDNAs were prepared using total RNAs isolated from these
cell lines. Real-time RT-PCR was performed in a total volume of 25 L. composed of 12.5 uL of
the 2X TaqgMan Universal PCR Master Mix, 1 pL of primer mixture (10 pM forward and 10 uM

reverse primers), 0.25 uL of 10 uM TagMan probe and 2 pL of cDNA reaction product.

[0395] For real-time PCR to measure quantitative expression levels of CT-RCC 8 and
CT-RCC 9 in normal human tissues, we purchased two sets of the Human-48 tissue RapidScan
real-time PCR Gene Expression Panel from Origene to obtain duplicate data. Each panel
contains two identical 96-well PCR plate with cDNAs. Unlike the RapidScan gene expression
panel described above, the real-time PCR panel contains only one concentration of the cDNAs
normalized based to B-actin. cDNA/well was dissolved with 13 pL of 1X TE and 10 pL of each
aliquot was used for real-time PCR. A real-time PCR reaction mixture (25 pulL) was comprised of
12.5 pL of the 2X TagMan Universal PCR Master Mix, 1 pL of primer mixture (10 uM forward
and 10 uM reverse primers), 0.5 uL. of 10 uM TagMan probe and 10 uL. of cDNA aliquot. All
real-time PCR reactions were cycled during the real-time detection through the following
thermal program: 50° C for 2 min (activation of uracil N-glycosylase enzyme), 95°C for 10 min
(denaturation of uracil N-glycosylase and activation of AmpliTaq Gold enzyme), followed by 40
cycles of 95°C for 15 sec (denaturation) and 60°C for 1 min (anneal/extension).

[0396] All data were analyzed using the 7500 System Sequence Detection Software
(version 1.3). Results of the real-time PCR data were represented as Cr values, where Ct was
defined as the threshold cycle of PCR at which amplified product was first detected. We
normalized each set of samples using the difference in threshold cycles (ACt) between the
sample cDNA and b-actin as a control. Relative transcripts levels were calculated by the
expression 28T where AACT = ACtsample = ACTp-actin (ABI 1997; Mullen, Hutchins et al. 2002;
Miura, Thoburn et al. 2004). Each reaction was done in duplicate. Real-time PCR efficiencies
of samples (common region, CT-RCC 8 and CT-RCC 9) and control (B-actin) were
approximately equal over concentrations of 1 to100 ng total cDNA. All data files were

converted to Excel files to make figures. ABI, A. B. (1997). User Bulletin #2.; Miura, Y., C. J.

Thoburn, et al. (2004). “Association of Foxp3 regulatory gene expression with graft-versus-host
disease.” Blood 104(7): 2187-93; Mullen, A. C., A. S. Hutchins, et al. (2002). “HIx is induced
by and genetically interacts with T-bet to promote heritable T(H)1 gene induction.” Nat Immunol

3(7): 652-8.
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EXAMPLE 2

Expression of CT-RCC 8 and CT-RCC 9 in RCC and other tissues

[0397] Semi-quantitative RT-PCR for expression of CT-RCC 8 and 9 was performed
on cDNAs generated from different RCC cell lines and non-RCC tumors, as well as pooled
cDNAs from 24 normal human tissues. CT-RCC 8 and 9 were detected in 8 of 14 RCC cell lines
(Figure 26a). Quantitative real-time PCR using CT-RCC common region specific primers
showed CT-RCC common region transcripts were detectable in these same 8 RCC cell lines at
varying levels (Figure 26b). Both CT-RCC 8 and 9 were not detected by RT-PCR in a variety of
different non-RCC tumor cell lines (Figure 26c¢). Neither transcript was detected by RT-PCR in
pooled cDNAs obtained from 24 normal tissues including the kidney and testis (Figure 26d). The
CT-RCC common region was also be detected by real-time PCR in freshly resected RCC tumors
of clear cell histology (Table 1); in contrast, minimal to no expression of the CT-RCC common
region was detected in a fresh oncocytoma specimen (obtained by nephrectomy), SAUJ-
fibroblasts, patient (SAUJ) and donor (SKEM) LCL cells and pooled cDNAs obtained from
normal kidneys, PBL and 48 different normal human tissue panels.

[0398] Table 1 shows results of the real-time PCR data were represented as threshold
cycle (Cr) values (see Methods) and normalized each set of samples using the difference in Cr
between the sample cDNA and B-actin as a control. Relative transcripts levels were shown as the
mean + SD of all pooled cDNA samples from the human-48 tissue RapidScan real-time PCR

Gene Expression Panel (Origene).
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Table 1:

Relative Transcripts to B-actin (x 10°)

Sample # CT-RCC Common Region
Primary Clear Cell C1 601.9 £ 61.8
RCC tumors C2 99.7 £10.7
C3 26.9%*55
C4 30.7£4.2
C5 93.6 £ 24.1
RCC Oncocytoma o1 9.1+0.2
Normal Kidney (Pooled cDNA) 13.7
PBL (Pooled cDNA) 9.4
RCC Cell line SAUJ 1033.1 £ 196.3
LCL SAUJ 9.0+1.2
LCL SKEM 44 *0.7
Fibroblasts SAUJ 0.5+0.1

* Results of the real-time PCR data were represented as Cr values (see Methods) and
normalized to each set of samples using the difference in threshold cycles between the
sample cDNA and B-actin as a control.
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Table 2:

Primer and Prove Localization Sequence
for RT- PCR

RT-F1 CT-RCC Common region 5'-GAGCTCAGATCATGAGATGCGAGTC

RT-8R1 CT-RCC 8 (nt 376-2155) 5-GTCAGGTCAGGTAGACCCAGGGCTG

RT-9R1 CT-RCC 9 (nt 376-578) 5-GTCTCACCTCCCAGGTCTCAGGTG

for Real-time PCR

Common F CT-RCC Common region 5'-GCAGATCCTGGGAGCACTCT

Common R CT-RCC Common region 5-TGTTCAACCGCTGTGTTAATTCTC

Common Taq CT-RCC Common region (FAM)TGCCCTGGTCAAATGCCTTGCC(TAMRA)

8F CT-RCC 8 (nt 376-2155) 5'-GAACACCGGGAAGGAATCG

8R CT-RCC 8 (nt 376-2155) 5-TCTGCGGCTTGCTGCAT

8 Taq CT-RCC 8 (nt 376-2155) (FAM)CATGTTCCAGATGTCCAGACTCCAATCG(TAMRA)

oF CT-RCC 9 (nt 376-578) 5-TGGAACATAGCCCCTTTGTG

9R CT-RCC 9 (nt 376-578) 5-GGATCCAGGCCGGAATTC

9 Taq CT-RCC 9 (nt 376-578) (FAM)TGGTCTGGCATCCTTTCCACCG(TAMRA)

p-actin 420F p-actin 5-GCGAGAAGATGACCCAGATC

p-actin 522R p-actin 5-CCAGTGGTACGGCCAGAGG

p-actin Taq p-actin (FAM)CCAGCCATGTACGTTGCTATCCAGGC(TAMRA)
EXAMPLE 3

Detection of CT-RCC-1 specific CTL in vitro and in vivo

[0399] A PE-conjugated HLA-A11/CT-RCC-1 tetramer was synthesized to evaluate for
CT-RCC-1-reactive T-cells in vivo; 56.6% of the TCR-VB7 CD8" SAUJ-CTL line established
from SAUJ-PBMC (day +1213) bound to the CT-RCC-1 tetramer confirming the specificity of
the tetramer for CT-RCC-1-reactive T-cells. Tetramer analysis showed CT-RCC-1-specific T-
cells were absent in patient SAUJ before HCT but became detectable in the post-transplant
setting (Figure 26), comprising comprised 1.12% and 0.48% of the CD3 'CD8" T-cell repertoire
of PBMC:s collected on post-transplant days +913 and +1213 respectively.

[0400] Figure 26 shows expression of CT-RCC 8 and 9 cDNAs in tumors and
nonmalignant tissues and detection of circulating CT-RCC-1 peptide-specific T-cells after HCT.
(a) Semi-quantitative RT-PCR for CT-RCC 8 and 9 was performed using cDNAs prepared from
14 different human RCC tumor lines or from cDNAs isolated from LCL obtained from the
patient (SAUJ-LCL) or transplant donor (SKEM-LCL) or from fibroblasts of the patient (SAUJ-
Fibro). Both CT-RCC 8 and 9 were detected in 8 of 14 RCC cell lines. (b) CT-RCC common
region transcripts were detectable in these same 8 RCC cell lines at variable levels by
quantitative real-time RT-PCR analysis using CT-RCC common region specific primers. (¢)
With the exception of LCLs, no significant expression of CT-RCC 8 and 9 transcripts was
detected by RT-PCR in a variety of different non-RCC malignant cell lines. (d) Neither transcript

- 88 -



WO 2007/109583 PCT/US2007/064237
was detected by RT-PCR in pooled cDNAs obtained from 24 normal human tissues including the

kidney and testis. B-actin used as an internal control and cDNA from SAUJ-RCC was used as a
positive control. (¢) RCC-reactive SAUJ-CTL was generated by stimulating post-transplant
SAUJ-PBMC (day +1213) with irradiated SAUJ-RCC cells followed by flow sorting for TCR-
VB7" CD8" T-cells. CTLs and non-cultured PBMCs from patient SAUJ after HCT (f) were
stained with a PE-conjugated HLA-A*1101/CT-RCC-1 (ATFLGSLTWK) tetramer with APC-
labeled anti-CD3 mAb and PerCP-labeled anti-CD8 mAb. Tetramer analysis showed 56.6% of
the CD3" CD8" cells in this CTL line had antigen specificity for the CT-RCC-1 peptide. (f) CT-
RCC-1 specific T-cells were absent in the patient before HCT but expanded in the post-
transplant setting; PBMCs collected from SAUJ before HCT did not bind to the CT-RCC-1
tetramer. CT-RCC-1 specific T-cells were detected after HCT following tumor regression,
comprising 1.12% and 0.48% of the CD3" CD8" T-cell repertoire by tetramer analysis.
Quantification of CD8 positive and tetramer binding cells was curried out on a CD3" gated

population. A total of 200,000 events were analyzed in each case).

EXAMPLE 4
Broadly Expressed Minor Histocompatibility Antigens and Antigens Restricted to the
Tumor are Targets for Donor T-Cells in Treatment of Renal Cell Carcinoma

[0401] Although clinical observations suggest T-cells mediate graft-versus-RCC
effects, difficulty in generating tumor lines from patients undergoing transplantation has
hampered in vitro studies aimed at characterizing antigens targeted by donor T-cells. In this
study, we found evidence suggesting broadly expressed minor histocompatibility antigens and
antigens restricted to the tumor are targets for donor T-cells isolated from patients with evidence
for a graft-versus-RCC effect.

[0402] ELISPOT analysis of the 4 patients with metastatic RCC and their HLA-matched
donors showed tumor-reactive T-cells were absent at baseline. Following transplantation, CD8"
donor T-cells that recognized patient hematopoietic cells and RCC were detected in all 4 patients
analyzed. In the 2 non-responders, T-cells recognizing patient tumor cells were detected only
transiently. In contrast, in the 2 patients who had tumor regression, RCC-reactive T-cells persisted
in the blood over a prolonged interval. Using PBMC collected tumor regression was noted, CTLs
that were cytotoxic to the patient’s RCC cells were expanded in vitro in both responding patients.
In one of these responders (LYO), CTL and a CD8" T-cell clone was isolated with a cytotoxicity
pattern consistent with recognition of an antigen that was not restricted to the tumor, lysing both
patient LCL cells and RCC cells but not donor LCLs. These findings are consistent with donor T-

cell recognition of a mHas expressed broadly on both tumor cells and hematopoietic cells of the
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recipient. Tykodi et al (Tykodi et al., Clin Cancer Res 10:7799-811, 2004) previously

demonstrated that mHa-specific T-cell clones cytotoxic to RCC cells in vitro could be isolated
from patients with metastatic kidney cancer following an allogeneic HCT. mHas are known to be
expressed on a variety of hematological malignancies and are thought to be dominant targets of
donor T-cells mediating graft-vs.-leukemia effects. Our data confirms that mHas absent in the
donor but present in the patient are expressed on patient RCC cells. The identification of an RCC-
reactive (LYO-RCC) mHa specific T-cell clone in a responding patient suggests donor T-cells
were primed in vivo after HCT to this antigen and provides indirect evidence that mHas may be a
target for a graft-versus-RCC effect. This finding is also consistent with the clinical observation
that GVT effects are frequently associated with GVHD. Bregni et al., Bone Marrow Transplant
38:527-37, 2006; Childs et al., N Engl J Med 343:750-8, 2000.

[0403] CD8' CTL lines and T-cell clones with in vitro tumor-specific cytotoxicity were
expanded from PBMC collected after HCT from patient SAUJ who had regression of metastatic
RCC associated with prolonged survival. Using cDNA expression cloning, we identified two
c¢DNAs (CT-RCC 8 and CT-RCC 9) that shared a common sequence region of 375 bps encoding
an antigen recognized by HLA-A11-restricted RCC-reactive CTL clones. By transfecting truncated
mini genes derived from the common region of these cDNAs, we identified a 10-mer peptide (CT-
RCC-1) recognized by HLA-A11-restricted RCC-reactive donor T-cells. Remarkably, CT-RCC-1-
specific CTL recognized approximately 50% of RCC cell lines that expressed HLA-A11 but not
patient fibroblasts or patient LCL, suggesting this antigen is commonly expressed in RCC tumors
at levels that induce CTL killing but not in normal tissues. Semi-quantitative RT-PCR for
expression of CT-RCC 8 and 9 and real-time PCR for their shared common sequence region
showed these transcripts were expressed at variable levels in primary kidney tumor tissues and in
>50% of cultured RCC cell lines but not in pooled cDNA from normal tissues including the
kidneys and testis nor in a number of other non-RCC tumor lines.

[0404] The DNA encoding CT-RCC 8 and 9 localize to a previously uncharacterized
gene of unknown function on chromosome 6q. Genomic DNA sequences show this gene to be
consistent with a HERV type E previously unknown to be expressed in human cells. The 132 bp
common sequence region shared by the CT-RCC 8 and 9 transcripts encoding the CT-RCC-1
peptide have 100% sequence homology with the 5° long terminal repeat (LTR) of this HERV.
The function of the genetic sequences encoding CT-RCC 8 and 9 in RCC and their full protein
products are currently unknown. Likewise, it is unknown if other immunogenic peptides derived

from these HERV genes in RCC are presented in the context of other HLA-class I molecules.
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[0405] HERVs exist as proviruses, the integrated form of retroviral DNA, within the

germ line DNA of their host species. Lower et al., Proc Natl Acad Sci USA 93:5177-84, 1996.
HERVs and other LTR-like elements are widely dispersed compromising > 8% of the entire
human genome. Bock, M. and Stoye, J.P., Curr Opin Genet Dev 10:651-5, 2000; Li et al.,
Nature 409:847-9, 2001; Smit, A.F., Curr Opin Genet Dev 9:657-63, 1999. HER Vs are thought
to have inserted into the germ cells of primates and have remained an integral part of primate
genomes during evolution. HERVs have multiple stop codons, insertions, deletions, and frame
shifts and retain some of the hallmarks of exogenous retroviruses with a genomic structure that
includes group-associated antigen (gag), pol and env genes sandwiched between LTR regions
719 1 ower et al., Proc Natl Acad Sci USA 93:5177-84, 1996; Griffiths, D.J., Genome Biol
2:REVIEWS1017, 2001. Despite mutational decay, some components of HERVs retain
biological activity . Griffiths, D.J., Genome Biol 2:.REVIEWS1017, 2001.

[0406] This is the first report to identify a HERV-derived tumor antigen expressed in
RCC. The HERV sequences identified in this study encoding the CT-RCC transcripts expressed
in RCC are a part of the HERV-E family clone 4-14 (HERV ID: 23549). The CT-RCC 8 and 9
cDNAs have a typical HERV-E LTR and contain a putative TATA-box (CCTTAAAAG) and a
polyadenylation signal (AATAAA). In contrast to HERV-E clone 4-1 shown by Scifathet et al.
(Seifarth et al., J Virol 79:341-52, 2005) to have active transcription in many normal tissues
(including the kidney), the transcriptional products identified to be expressed in RCC derived
from the HERV-E clone 4-14 were not detected in normal tissues.

[0407] HERV-K expression of gag, rec, and env proteins has been identified in some
malignancies. Buscher et al., Cancer Res 65:4172-80, 2005; Depil et al., Leukemia 16:254-9,
2002; Muster et al., Cancer Res 63:8735-41, 2003; Schiavetti et al., Cancer Res 62:5510-6,
2002. An antigenic peptide named HERV-K-MEL derived from the env gene of a HERV-K
provirus was found to be expressed in a majority of primary and metastatic melanomas as well as
in the testis and skin cells. Schiavetti ef al., Cancer Res 62:5510-6, 2002. HERV-K expression of
gag, rec, and env proteins was also found to be highly specific for malignant melanoma tumor
cells, being present in melanoma cells but not in normal melanocytes or lymph nodes. Muster et
al., Cancer Res 63:8735-41, 2003. In addition, expression of spliced HERV-K env and rec
proteins was detected in a teratocarcinoma cell line and in melanoma cells. Buscher et al.,
Cancer Res 65:4172-80, 2005. In hematological malignancies, transcriptional activity of a
HERV-K10-like gag gene was detected at higher levels in leukemia cells than was found in
normal PBMCs or umbilical cord blood cells. Depil et al., Leukemia 16:254-9, 2002. Although

more than 50 HERV-E’s are estimated to exist in the human genome, this is the first report to

-9] -



WO 2007/109583 PCT/US2007/064237

identify a HERV-E transcription product expressed in tumor cells. Furthermore, in contrast to
HERV-K expression in tumors, the sequences derived from HERV-E clone 4-14 genes
comprising the CT-RCC antigens appear to be selectively expressed in RCC cells and have no or
virtually undetectable levels of expression in normal tissues, potentially making them ideal
targets for tumor immunotherapy.

[0408] Recently, CTL specific for HERV-derived peptides that kill tumor cells in vitro
have been identified in a few cancer patients. Schiavetti et al., Cancer Res 62:5510-6, 2002;
Rakoff-Nahoum et al., AIDS Res Hum Retroviruses 22:52-6, 2006. In our study, we expanded
CTL clones from PBMC obtained from a responding patient after HCT that killed patient RCC
cells and HLA-A11" RCC cells in vitro. The HLA-A11-restricted 10-mer peptide named CT-
RCC-1 was identified to be the target antigen of these RCC reactive CTL. Tetramer analysis
showed CT-RCC-1-specific T-cells were absent at baseline but were detected after HCT
following regression of metastatic disease, suggesting this antigen had immunogenicity in vivo.
To the best of our knowledge, this is the first report to identify a T-cell population recognizing a
HERV-derived antigen with expression restricted to tumor cells.

[0409] Because the phenotypic frequency of HLA-A11 expression is only 33% in
Chinese, 20% in Japanese, and 10% in Caucasians (Sette, A. and Sidney, J., Immunogenetics
50:201-12, 1999; Sidney et al., Immunol Today 17:261-6, 1996), immunotherapy approaches
targeting the CT-RCC-1 antigen would be limited to a minority of patients with metastatic
kidney cancer. However, it is possible that other immunogenic peptides derived from this HERV
could be expressed on more common HLA class I molecules, a finding that potentially could
broaden the application of immunotherapy approaches targeting antigens derived from this
HERYV to a greater percentage of patients with metastatic RCC.

[0410] The factors regulating expression of the CT-RCC antigens in RCC are currently
unknown. However, the observation that CT-RCC 8 and CT-RCC 9 were not detected in a variety
of hematological malignancies and other solid tumors suggest genetic mutations specific to RCC
such as the von Hippel-Lindau gene may in part regulate expression of transcripts derived from
this HERV.

[0411] In conclusion, this is the first report providing evidence that allogeneic HCT can
be associated with tumor-specific immune responses to antigens expressed on RCC. 1t is also the
first report to identify a tumor-restricted antigen expressed on a solid tumor using allogeneic T-
cells. The in vivo expansion of CT-RCC antigen-specific T cells in a patient who had a GVT
effect associated with prolonged regression of metastatic RCC suggests that gene products

derived from this HERV may be a novel target for RCC immunotherapy.
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EXAMPLE 5§

Treatment of Patients with Metastatic Renal Cell Carcinoma

[0412] For treatment of patients with renal cell carcinoma, patients will have their
tumors analyzed for expression of genes derived from HERV Type E. Two treatment scenarios
are envisioned.

[0413] Adjuvant Therapy: For patients with a primary kidney tumor that express gene
products from this HERV type E who are without metastatic disease. We envision vaccinating
such patients with either a single peptide, a polypeptide, or a whole protein derived from genes
expressed by the HERV Type E to induce a long-lasting protective T-cell anti-tumor antigen
immune response that would decrease the chances of disease relapse. Such proteins or peptides
could be derived from either the CT-RCC-8 and/or CT-RCC-9 transcripts or could be derived
from the HERV Envelope gene or other gene products of HERV type E. As an example, patients
who are HLA-A11 positive could be vaccinated with the CT-RCC-1 10 mer peptide or the entire
protein from which the peptide is derived.

[0414] Treatment of Metastatic RCC: For patients with metastatic RCC whose tumor is
found to express gene products from this HERV type E who are without metastatic disease; We
envision vaccinating such patients with either a single peptide vs. a polypeptide vs. whole protein
derived from genes expressed by this HERV to induce a long-lasting T-cell anti-tumor antigen
immune response that would result in regression and possible cure of metastatic disease. Such
proteins or peptides could be derived from either the CT-RCC-8 and/or CT-RCC-9 transcripts or
could be derived from the HERV Envelope gene or other gene products of this HERV type E. As
an example, patients who are HLA-A11 positive could be vaccinated with the CT-RCC-1 10 mer
peptide or the entire protein from which the peptide is derived.

[0415] Peptides that are useful for treatment of renal cell carcinoma in patients include,
but are not limited to a peptide derived from the CT-RCC-8 (2155 bps- SEQ ID NO: 45), CT-
RCC-9 (578 bp; SEQ ID NO: 11) or the Env/HERV-E (SEQ ID NO: 47). These peptides can

encode a transcript for an antigen that could be a target for an anti-tumor immune response.
Based on the current data, the CT-RCC-1 peptide (SEQ ID NO: 1) and any peptide derived from
SEQ ID NO: 12 or from the SEQ ID NO: 48 protein is a good candidate to elicit an anti-tumor

Immune response.

[0416] Future studies include ability to expand CD8" CT-RCC-1 peptide specific T-
cells in vitro using dendritic cells pulsed with CT-RCC-1 peptide (Pep-A104-K133;
ATWLGSKTWK ) will be tested in vitro
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[0417] In vitro, the above expanded T-cells will be tested for their ability to recognize

monocytes pulsed with the CT-RCC-1 peptide and for their ability to kill RCC cells that are
HLA-A11 positive.

[0418] Assuming CT-RCC-1 specific CD8+ T-cells can be generated in vitro that kill
RCC cells, we envision a clinical trial to evaluate whether CT-RCC-1 peptide vaccination can

induce an anti-tumor immune response resulting in tumor regression in patients with metastatic

RCC.

EXAMPLE 6
Materials and Methods

[0419] Transplant Approach. From February 1998 through May 2006, 74 consecutive
patients with biopsy confirmed metastatic RCC underwent a nonmyeloablative allogeneic
hematopoietic cell transplant from an HLA-matched or single antigen mismatched sibling donor
at the NHLBI on IRB approved protocol 97-H-0196 investigating for donor immune mediated
graft-versus-RCC effects. Eligible patients were required to have biopsy proven metastatic
disease that was confirmed radiographically to be progressive. The nonmyeloablative transplant
approach has previously been described. Griffiths, D.J., Genome Biol 2.REVIEWS1017, 2001.
Bricfly, transplant conditioning consisted of cyclophosphamide (120mg/m?) and fludarabine
(125mg/m?) followed by infusion of an un-manipulated, granulocyte colony-stimulating factor
(G-CSF) mobilized hematopoietic stem cell allograft from an HLA compatible family donor.
Cyclosporine A (CSA) alone or in combination with mycophenolate mofetil (1 gram orally twice
a day) or intravenous methotrexate (5mg/m” on days 1, 3, 6) was used as GVHD prophylaxis.
To optimize the induction of a GVT effect, tapering of immunosuppression was initiated in
patients with mixed T-cell chimerism or disease progression as early as day 30 post-transplant.
Patients with progressive disease following CSA tapering were eligible to receive escalating
doses of donor lymphocyte infusions (DLI) and/or cytokines (IFN-a or interleukin-2.)

[0420] Cell lines. The human RCC cell lines, SAUJ-RCC, JOH-RCC, LYO-RCC, and
POR-RCC were established from surgically resected tumors procured at the NHLBI and the NCI
(IRB approved protocols 97-H-0196 and 97-C-0147) and maintained in our laboratory. The
fibroblast cell line SAUJ-Fibro was established by culturing of cells obtained from a skin punch
biopsy from patient SAUJ. LCLs were established from transplant patients and their donors by
culturing PBMCs with EBV-containing supernatant harvested from cell line B95-8 (American
Type Culture Collection) in the presence of 100 pg/ml CSA (Sandoz Pharmaceuticals).

[0421] Two HLA-A11 positive RCC cell clines (MAR-RCC, BEN-RCC) and seven

RCC cell lines established from patients who were not HLA-A11 positive that were subsequently
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stably transfected to express HLA-A11 (COL-RCC, SEA-RCC, WHI-RCC, STR-RCC, URB-

RCC, SNY-RCC and ORT-RCC; a gift from Dr. Qiong Wang at NCI/NIH) were used as tumor
targets. Ten RCCs that were HLA-A11 negative (STA-RCC, JOH-RCC, POR-RCC, LYO-RCC,
Mayo1-RCC, MANFC-RCC, WENJ-RCC, UCRCC3, UCRCC4 and COLH-RCC) were
established in our laboratory. Patient B-cells were expanded from PBMCs taken before HCT
using CD40 ligand—transfected NIH3T3 cells (t-CD40L) as previously described. Takahashi et
al., Blood 103:1383-90, 2004. CD19 expression on expanded B-cells was confirmed by flow
cytometry; expanded B-cells were harvested between days 14 to 28 and were used to assess for
T-cell allo-reactivity in an ELISPOT analysis.

[0422] ELISPOT assay. IFN- y-producing antigen-specific T-cells were counted using
an ELISPOT assay. PBMCs were incubated in triplicate at 5 x 10" cells/well overnight at 37°C in
5 % CO, in RPMI 1640 containing 10% fetal calf serum in the absence or presence of the same
number of stimulator cells (stimulator cells included the patient’s RCC cells, CD40L expanded
B-cells and the donor’s CD40L expanded B-cells as negative control). The next day, cells were
removed by washing buffer with PBS/0.05% Tween 20 and biotinylated anti- [IFN-y mAb, and 7-
B6-1 biotin (Mabtech) added (100 ul of 1 pg/ml) and left for 2 hours at room temperature,
followed by incubation with streptavidin-alkaline phosphatase (Mabtech) for an additional 1
hour. Individual cytokine-producing cells were detected as dark purple spots after 10-minute
reaction with 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium alkaline phosphatase
substrate (Sigma). After washing in tap water to stop color development, colored spots on the
dried membranes were counted using a KS-ELISPOT microscopy system (Carl Zeiss).

[0423] Generation of CTLs. PBMCs collected from patient LYO (HLA type-
A2301/A68, B35/B5801, Cw0301/-) and SAUJ (HLA type-A11/A11, B51/B55, Cw1/Cw7)
before and after HCT were prepared by Ficoll density gradient centrifugation. PBMCs were
collected after tumor regression from patients LYO on post-transplant day +211 and patient
SAUJ on post-transplant day +1213 were cultured in RPMI 1640 (Cellgro) medium
supplemented with 10 ng/ml of recombinant human interleukin (IL)-15 (R&D systems), 10% of
human AB serum (Gemini Bio-Products), 0.25M HEPES, 50 units of penicillin, and 50 ug of
streptomycin. CTL lines LYO-CTL and SAUJ-CTL were established by repeatedly stimulating
post-HCT day +211 LY O-PBMCs with irradiated (200Gy) LY O-RCC tumor cells and post-HCT
day +1213 SAUJ-PBMCs with irradiated (200Gy) SAUJ-RCC tumor cells at 7 to 10-day
intervals.

[0424] Bulk LYO-CTL or SAUJ-CTL were cloned by limiting dilution (0.3, 1, or 3

cells/well) into 96-well round bottom plates containing irradiated allogeneic HLA mismatched
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allogeneic PBMCs as feeder cells, recombinant human IL-2, and anti-CD3 mAb. Fourteen days

later, wells exhibiting cell growth were screened for recognition of the patient’s RCC cells, the
patient’s LCL and the donor’s LCL by a cytotoxicity assay or an ELISA for IFN-y secretion. The
CD8" T-cell clone LYO-clone 1 which had cytotoxicity against LYO-RCC was further expanded
for additional experiments. The T-cell clone BZ-4 (isolated from SAUJ-CTL) that recognized
SAUJ-RCC cells but not patient fibroblasts or SAUJ-LCL was further expanded for additional
experiments.

[0425] Generation and cloning of SAUJ HLA-A1l-restricted CTLs. To expand the
RCC-reactive T-cell clone, BZ-4 cells (isolated from SAUJ-CTL) were resuspended in 25ml of
AIM-V medium (GIBCO Invitrogen) containing 300 IU/ml of IL-2, 30 ng/ul of OKT3, 2.5x10°
cells irradiated (50Gy) allogeneic feeder cells from a healthy volunteer. On day 5, 20ml of
culture medium was removed and replaced fresh medium including IL-2. On day 8 and 11, the
cells were given IL-2. Expanded CTL clones were used on days 14 or 15 for further experiments.

[0426] Cyrotoxicity and cytokine secretion assays. Following a 24-hour co-culture of
T-cell lines with target cells, IFN-y or granulocyte macrophage-colony stimulating factor (GM-
CSF) secretion was measured by ELISA (ENDOGEN) in triplicate assays; absorbance was
detected at 450 nm using an ELISA reader. The inhibition of IFN-y secretion using monoclonal
antibodies (mAbs) bound to MHC-class I (on SAUJ-RCC and LYO-RCC) and HLA-A11, HLA-
B55 and HLA-DR on SAUJ-RCC cells and TCR-VB7, TCR-V(3, CD8, and CD4 on SAUJ
TCR-VPB7" sorted CTL was assessed by ELISA.

[0427] Cytotoxic activity were measured by a standard 6-hour *'Cr-release assay at
various effector to target ratios. Takahashi et al., Blood 103:1383-90, 2004; Igarashi et al., Blood
104:170-7, 2004. After a 6-hour incubation at 37°C, supernatant was harvested and radioactive
content was measured by a gamma counter. Specific cytotoxicity was calculated as
[(experimental *'Cr release - spontancous >'Cr release) / (maximum >’ Cr release - spontaneous
*1Cr release)] x 100%. All values shown represent the average of duplicates or triplicates + SD.

[0428] Construction and screening of SAUJ-RCC c¢DNA library. The cDNA library
from SAUJ-RCC was constructed with poly (A)" RNA using an mRNA isolation system
(FastTrack 2.0 kit; Invitrogen). cDNA was prepared with the SuperScript Plasmid system
(Invitrogen) and ligated into the eukaryotic plasmid expression vector pME-SMART. Hanada et
al., Nature 427:252-6, 2004. Plasmid DNA was isolated from each pool using Qiaprep 96 Turbo
Miniprep kit (QIAGEN). 300ng of pooled plasmid cDNAs were transfected into 5 x 10" COS7-
Al1 cells using Lipofectamine 2000 (Invitrogen) in 96-well plates for 24 hours. These cells were
cultured with serum and antibiotic-free DMEM. SAUJ-CTL clone BZ-4 were added and
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incubated for 24 hours, the supernatants were harvested, and GM-CSF production was measured
using ELISA.

[0429] Cloning of gene CT-RCC 8 and 9 cDNAs. Sequence analysis of PCR-amplified
DNA fragments, which were generated in semi-quantitative RT-PCR, was carried out to confirm
that the DNA fragments were derived from mRNAs of CT-RCC 8 or CT-RCC 9. PCR bands
electrophoresed on agarose gels were cut out then extracted using the QIAquick gel extraction
Kit (QIAGEN) and subjected to sequence analysis as described below. To examine the genomic
sequences localizing CT-RCC 8 and CT-RCC 9-exons, PCR amplification of genomic DNA was
performed as follows: 1 cycle of denaturing (95°C for 2 min); 35 cycles of denaturing (95°C for
30 sec), annealing (52°C or 55°C for 50 sec) and extension (72°C for 1 min), followed by
extension (72°C for 5 min). The products obtained by PCR were purified by the QIAquick Gel
Extraction Kit after cutting DNA fragments from agarose gels or QIAquick PCR Extraction Kit.
The purified PCR products derived from cDNAs or genomic DNAs were subjected to direct
sequencing analysis with adequate primers using the BigDye Terminator version 3.1 Ready
Reaction Kit and ABI Prism 3100 Genetic Analyzer (Applied Biosystems, ), according to the
manufacturer’s protocol. pME-SMART- or pcDNA3.1-based plasmids described above were
sequenced in a similar manner. pPME-SMART- based plasmids obtained by cDNA cloning were
sequenced using the BLAST Search. Sequences of pcDNA3.1-based mini-gene plasmids were
confirmed by comparing with the human DNA sequence from clone RP3-488C13 on
chromosome 6 (Accession # AL133408) or oligonucleotide sequences designed using the Blast2
program.

[0430] Construction of Mini-genes. Mini-genes encoding CT-RCC within the human
DNA sequence from clone RP3-488C13 were constructed by PCR amplification or annealing of
synthetic-forward and -reverse oligonucleotides.

[0431] For the PCR-based plasmid construction, PCR products were amplified with
CT-RCC 8 or CT-RCC 9 cDNA clones serving as a template using the appropriate primer sets.
Each forward primer has an extra CACC sequence at its 5’end for directional insertion into the
pcDNA3.1 Directional TOPO Expression vector (Invitrogen). The PCR products were separated
by agarose gel electrophoresis then were extracted from the gels. For the annealing based-
plasmid construction, synthetic-forward and -reverse oligonucleotides were designed to construct
short DNA fragments encoding parts of the common region of CT-RCC 8 and 9.

[0432] Genomic DNA isolation and DNA sequence analysis. Genomic DNAs were
isolated from renal cell carcinomas and other cell lines using the QIAamp DNA Blood Mini Kit

(QIAGEN). These DNAs were used for sequencing analysis of the genomic regions
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encompassing cDNA clones CT-RCC 8§ and CT-RCC 9, including genomic sequences upstream

of these cDNA clones. DNA sequencing reactions were performed with appropriate primers
using the BigDye Terminator version 3.1 Ready Reaction Kit and ABI Prism 3100 Genetic
Analyzer (Applied Biosystems).

[0433] Identification of the antigenic peptide derived from CT-RCC cDNAs. A total of
8 peptides (three 9-mers and five 10-mers) from the common sequence of CT-RCC 8 and CT-
RCC 9 were synthesized and purchased from Genemed Synthesis, Inc. The identity and purity of
cach of the peptides were confirmed by mass spectrometer and high-performance liquid
chromatography analysis. The amino acid sequences are as follows: Pep-R21-K50,
RVYQCSQLIK; Pep-V24-K50, VYQCSQLIK; Pep-Q39-K68, QLIKASSFIK; Pep-L42-K68,
LIKASSFIK; Pep-T107-K133, TFLGSLTWK; Pep-A104-K133, ATFLGSLTWK; Pep-T107-
R136, TFLGSLTWKR; and Pep-P101-K133, PATFLGSLTWK. The peptides were dissolved in
DMSO and stored at -20°C until use. COS7-A11 cells were loaded with each peptide at varying
concentrations (0.1 to 10000 nM) and IFN-y secretion by the SAUJ-CTL clone BZ-4 following
co-culture with peptide pulsed COS7-A11 cells was measured by ELISA.

[0434] RNA isolation, synthesis of cDNAs and Reverse Transcriptase (RT)-Polymerase
Chain Reaction (PCR) analysis for the antigen encoding genes. Total cellular RNAs from RCCs
and other cancer cell lines were extracted using the RNeasy Mini RNA Purification Kit
(QIAGEN). Two sets of total RNAs were prepared from each individual cell line to perform
experiments in duplicate.

[0435] Kidney tumors obtained from nephrectomy samples frozen in OCT (obtained on
protocol 97-C-0147) were used to assess expression of CT-RCC 8 and CT-RCC 9 in fresh RCC
tumors. Slides were made from frozen sections of fresh tumor; using a small scalpel, tumor cells
were micro-dissected under light microscopy by a pathologist (Dr. Maria Merino, NCI/NIH) and
total cellular RNAs were obtained using the PicoPure RNA Isolation Kit (Arcturus, Mountain
View, CA). RNA samples were treated with DNase I to remove residual genomic DNA. cDNAs
were synthesized using the SuperScript 111 First-Strand Synthesis System for RT-PCR
(Invitrogen). For detection of cDNA expression of CT-RCC 8 and CT-RCC 9 in human normal
tissues, Human 24 Tissue RapidScan gene expression cDNA panels (Oligene) were used in
duplicate.

[0436] CT-RCC 8, CT-RCC 9, and B-actin gene expression was assessed using semi-
quantitative RT-PCR and quantitative real-time PCR. PCR amplification was done in 30ul of
PCR mixture containing 0.3ul cDNA template, TaKaRa LA Taq (TaKaRa Bio), and 200 nM of

primers described in supplementary Table 1. The PCR mixtures for CT-RCC 8 and f-actin were
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initially incubated at 95°C for 2min, followed by 30 cycles of denaturation at 95°C for 30 sec,

annealing for 55°C for 30 sec, extension at 72°C for 1 min, and one cycle of 72°C for 5 min. CT-
RCC 9 was amplified in a similar manner, except a reduced temperature was used for the
annealing step (52°C for 30 sec).

[0437] Quantitative real-time RT-PCR was carried out in 7500 Fast Real-Time PCR
System in duplicate (Applied Biosystem). Using the Primer Express v2.0 software (Applied
Biosystem), primers for the CT-RCC-common region (shared between CT-RCC 8 and CT-RCC
9), CT-RCC 8 and CT-RCC 9-specific regions, and B-actin (internal control) were designed
(supplementary Table 1). Twelve primers were synthesized by Integrated DNA Technologies
(IDT) and TagMan probes were synthesized by Applied Biosystem or IDT. ¢cDNAs obtained
from the Human-48 tissue RapidScan real-time PCR Gene Expression Panel (Origene) were used
to measure by real-time PCR (in duplicate) the quantitative expression levels of the common
sequence region of CT-RCC 8 and 9 in normal human tissues. Unlike the RapidScan gene
expression panel described above, the real-time PCR panel contained only one concentration of
the cDNAs normalized to B-actin. All data were analyzed using the 7500 System Sequence
Detection Software (version 1.3). Results of the real-time PCR data were represented as Cr
values, where Cr was defined as the threshold cycle of PCR at which the amplified product was
first detected. We normalized each set of samples using the difference in threshold cycles (ACr)
between the sample cDNA and -actin as a control. Relative transcripts levels were calculated by
the expression 28CT where AACT = ACrsampte - AC1p-actin. AppliedBiosystems, User Bulletin #2,
ABI PRISM 7700 Sequence Detection System, 1997; Miura et al., Blood 104:2187-93, 2004;
Mullen et al., Nat Immmunol 3:652-8, 2002. Each reaction was done in duplicate. Real-time
PCR efficiencies of samples (CT-RCC common region, CT-RCC 8 and CT-RCC 9) and control
(B-actin) were approximately equal over concentrations of 1 to100 ng of total cDNA.

[0438] Flow Cytometry and tetramer analysis for CT-RCC-1 (A;p+-K33) peptide
specific T-cells. T-cell TCR- V[ usage in the bulk SAUJ-CTL line was quantitated by flow
cytometry staining using mAbs staining 22 different TCR- V{3 families (Beckman-Coulter).
Phycoerythrin (PE)-conjugated HLA-A*1101/ CT-RCC-1 (A 104-K33; ATFLGSLTWK) tetramer
was synthesized by the National Institute of Allergy and Infectious Diseases Tetramer Facility,
Emory University Vaccine Center at Yerkes. Cultured CTL lines and uncultured PBMCs
obtained before and after transplantation from the patient SAUJ were stained with the CT-RCC-1
(A104-Ki33) PE-conjugated tetramer (1:800 diluted) for 30 min at room temperature, then
allophycocyanin (APC)-conjugated anti-CD3 mAb and peridinin-chlorophyll-protein complex
(PerCP)-conjugated anti-CD8 mAb were added and incubated for an additional 15 min at 4°C.
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After washing with PBS, LIVE/DEAD fixable dead cell stain kit (Molecular Probes) was used

for uncultured and frozen PBMCs to analyze only live cells by FACScalibur (Becton Dickinson)
or CYAN MLE (Dako-Cytomation). Data analysis was performed using FCS Express V3 (De

Novo software).

EXAMPLE 7
Detection of HERV-E Specific T Cells in Patients With RCC

[0439] Figure 27 shows detection of CT-RCC-1 (ATFLGSLTWK) specific T cells in
SAUJ CTL ILine. RCC reactive CTLs from patient SAUJ after HCT were stained with a PE-
conjugated HLA-A*1101/CT-RCC-1 (ATFLGSLTWK) tetramer with APC-labeled anti-CD3
mAb and PerCP-labeled anti-CD8 mAb. Tetramer analysis showed 56.6% of the CD3" CD8"
cells in this CTL line had antigen specificity for the CT-RCC-1 peptide.

[0440] Figure 28 shows expansion of HLA-A11/CT-RCC (ATFLGSLTWK) tetramer-
specific CD8" Cells In vivo Post HCT. Non-cultured PBMCs from patient SAUJ before and
after HCT were stained with a PE-conjugated HLA-A*1101/CT-RCC-1 (ATFLGSLTWK)
tetramer with APC-labeled anti-CD3 mAb and PerCP-labeled anti-CD8 mAb. CT-RCC-1
specific T-cells were absent in the patient before HCT but expanded in the post-transplant
setting; PBMCs collected from SAUJ before HCT did not bind to the CT-RCC-1 tetramer. CT-
RCC-1 specific T-cells were detected after HCT following tumor regression, comprising 1.12%
and 0.48% of the CD3+ CD8+ T-cell repertoire by tetramer analysis. Quantification of CD8
positive and tetramer binding cells was curried out on a CD3+ gated population. A total of
200,000 events were analyzed in each case).

[0441] Figure 29 shows HLA-A11+ RCC Patients with HCT: #2 (JACSC). Kinetics of
HLA-A11/CT-RCC-1-specific CD8+ cells in unstimulated-PBMCs in a RCC patient before and
after HCT. Expansion of HLA-A11/CT-RCC (ATFLGSLTWK) Tetramer-specific CD8+ Cells
In vivo Post HCT in patient JACSC who had evidence for tumor regression consistent with a
GVT effect on day +130. Non-cultured PBMCs from patient JACSC before and after HCT were
stained with a PE-conjugated HLA-A*1101/CT-RCC-1 (ATFLGSLTWK) tetramer with APC-
labeled anti-CD3 mAb and PerCP-labeled anti-CD8 mAb. CT-RCC-1 specific T-cells were
absent in the patient before HCT but expanded in the post-transplant setting; PBMCs collected
from JACSC before HCT did not bind to the CT-RCC-1 tetramer. CT-RCC-1 specific T-cells
were detected after HCT following tumor regression, comprising 1.35% on post transplant day
+190. Quantification of CDS positive and tetramer binding cells was curried out on a CD3+

gated population. A total of 200,000 events were analyzed in each case).
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[0442] Figure 30 shows: HLA-A11+ RCC Patients with HCT: #3 (HERT); Kinetics of

HLA-A11/CT-RCC-1-specific CD8+ cells in unstimulated-PBMCs in a RCC patient before and
after HCT. Expansion of HLA-A11/CT-RCC (ATFLGSLTWK) Tetramer-specific CD8+ Cells
In vivo Post HCT in patient HERT who had evidence for tumor regression consistent with a GVT
effect on day +130. Non-cultured PBMCs from patient HERT before and after HCT were
stained with a PE-conjugated HLA-A*1101/CT-RCC-1 (ATFLGSLTWK) tetramer with APC-
labeled anti-CD3 mAb and PerCP-labeled anti-CD8 mAb. CT-RCC-1 specific T-cells were
present at baseline comprising 3.94 % of CD8+ T-cells on post transplant day 178.
Quantification of CDS positive and tetramer binding cells was curried out on a CD3+ gated
population. A total of 200,000 events were analyzed in each case).

[0443] An embodiment of the invention provides a human endogenous retrovirus with
selective expression in renal carcinoma cells (RCC) in a mammalian subject. A peptide derived
from the CT-RCC genes called CT-RCC-1 is immunogenic in vitro. Tumor regression has been
observed concomitant with expansion of CT-RCC-1 reactive CD8' CTL in 3 of 3 HLA A11"
RCC patients who underwent an allogeneic HCT.

[0444] Figure 31 shows the localization of CT-RCC 8, CT-RCC 9 and HERYV on
Chromosome 6. We evaluated whether the envelope gene of this HERV type E was expressed in
RCC. Using web site “retrosearch.dk “, the HERV (ID 23549) env gene (Env:166112) was
identified which is predicted to encode a 2331 bp mRNA (nt 89435013 — 89437343) derived
from a single exon. The protein derived from this gene is predicted to be 211 aa in size and to
localize to the cytoplasm and does not belong to any recognized protein family.

[0445] Figure 32 shows characteristic Features of Env/HERV-E, the DNA coding
sequence of Env/HERV-E (SEQ ID NO: 47) and the predicted protein sequence (SEQ ID NO:
48). Using web site “retrosearch.dk “, the HERV (ID 23549) env gene (Env:166112) was
identified which is predicted to encode a 2331 bp mRNA (nt 89435013 — 89437343) from a
single exon. The protein derived from this gene is predicted to be 211 aa in size and to localize to
the cytoplasm and does not belong to any recognized protein family.

[0446] Figure 33 shows expression analysis of Env/HERV-E in renal cell carcinoma by
semi-quantitative RT-PCR. Env/HERV-E was expressed on 10/14 RCC cell lines tested by
semi-quantitative RT-PCR. Semi-quantitative RT-PCR to detect cDNA of this env gene in RCC
and non-RCC cancer cell lines was performed. Expression Analysis of Env/HERV-E in Renal
Cell Carcinoma by Semi-Quantitative RT-PCR revealed the Env/HERV-E was expressed in
10/14 RCC cell lines by semi-quantitative RT-PCR. Importantly, expression of the Env/HERV-E
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correlated 100% with expression of both CT-RCC 849 (i.e., only RCC cell lines that expressed

CT RCC 8 19 expressed the Env/HERV-E.

[0447] Figure 34 shows expression analysis of Env/HERV-E in cancer cell lines by
semi-quantitative RT-PCR. Env/HERV-E was not detected in other cancer cell lines except
RCC and MV-4-11 from biphenotypic B myelomonocytic leukemia. Semi-quantitative RT-PCR
to detect cDNA of the env gene in non-RCC cancer cell lines was performed. Similar to Ct RCC
8+9, expression analysis of Env/HERV-E in by Semi-Quantitative RT-PCR revealed the
Env/HERV-E was not expressed in any non RCC cell lines tested.

[0448] When ranges are used herein for physical properties, such as molecular weight,
or chemical properties, such as chemical formulae, all combinations and subcombinations of
ranges and specific embodiments therein are intended to be included.

[0449] The disclosures of each patent, patent application and publication cited or
described in this document are hereby incorporated herein by reference in their entirety.

[0450] Those skilled in the art will appreciate that numerous changes and modifications
can be made to the embodiments of the invention and that such changes and modifications can be
made without departing from the spirit of the invention. It is, therefore, intended that the
appended claims cover all such equivalent variations as fall within the true spirit and scope of the

invention.
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What is Claimed:

1. A composition comprising an isolated enriched immune cell population reactive to a

human endogenous retrovirus type E antigen on a neoplastic cell.

2. The composition of claim 1 wherein the human endogenous retrovirus type E antigen is

an envelop protein, a polymerase protein, or a fragment or variant thereof.
3. The composition of claim 1 wherein the immune cell population is HLA-A11 restricted.

4. The composition of claim 1 wherein the immune cell population is a CD8" T cell

population or a dendritic cell population.

5. The composition of claim 1 wherein the immune cell population is an allogeneic cell

population or an autologous cell population.

6. The composition of claim 1 wherein the neoplastic cell is a solid tumor cell, metastatic

tumor cell, renal cell carcinoma, melanoma, lymphoma or leukemia.

7. The composition of claim 1 wherein the antigen comprises an amino acid sequence

encoded by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof.

8. The composition of claim 1 wherein the antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCCS8 (SEQ ID NO: 45).

9. The composition of claim 1 wherein the antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCC9 (SEQ ID NO: 11).

10. The composition of claim 1 wherein the antigen comprises an amino acid sequence

encoded by nucleotide sequence Env HERV-E (SEQ ID NO: 47).

11. The composition of claim 1 wherein the antigen comprises an amino acid sequence

encoded by Env HERV-E (SEQ ID NO: 48).

12. The composition of claim 1 wherein the antigen is NH,~ATFLGSLTWK-COOH (SEQ ID

NO: 1) or a function variant or mimetic thereof.
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13. The composition of claim 1 wherein the antigen is X;-ATFLGSLTWK-X; or a function

variant or mimetic thereof,
wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X, and

X.

14. A pharmaceutical composition comprising a human endogenous retrovirus type E
antigen.
15. The pharmaceutical composition of claim 14 wherein the human endogenous retrovirus

type E antigen is an envelop protein, a polymerase protein, or a fragment or variant thereof.

16. The pharmaceutical composition of claim 14 wherein the antigen comprises an amino
acid sequence encoded by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a fragment or

variant thereof.

17. The pharmaceutical composition of claim 14 wherein the antigen comprises an amino

acid sequence encoded by nucleotide sequence CT-RCCS8 (SEQ ID NO: 45).

18. The pharmaceutical composition of claim 14 wherein the antigen comprises an amino

acid sequence encoded by nucleotide sequence CT-RCC9 (SEQ ID NO: 11).

19. The pharmaceutical composition of claim 14 wherein the antigen comprises an amino

acid sequence encoded by nucleotide sequence Env HERV-E (SEQ ID NO: 47).

20. The pharmaceutical composition of claim 14 wherein the antigen comprises an amino

acid sequence encoded by Env HERV-E (SEQ ID NO: 48).

21. The pharmaceutical composition of claim 14 wherein the antigen is NH,-

ATFLGSLTWK-COOH (SEQ ID NO: 1) or a function variant or mimetic thereof.

22. The pharmaceutical composition of claim 14 wherein the antigen is X;-ATFLGSLTWK-

X, or a function variant or mimetic thereof,
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wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and

X.

23. A method of treating a neoplastic disease in a mammalian subject comprising
administering a composition comprising an isolated enriched immune cell population reactive to
a human endogenous retrovirus type E antigen to the mammalian subject, in an amount effective
to reduce or eliminate the neoplastic disease or to prevent its occurrence or recurrence in the

mammalian subject.

24. The method of claim 23 wherein the human endogenous retrovirus type E antigen is an

envelop protein, a polymerase protein, or a fragment or variant thereof.
25. The method of claim 23 wherein the immune cell population is HLA-A11 restricted.

26. The method of claim 23 wherein the immune cell population is a CD8" T cell population

or a dendritic cell population.

27. The method of claim 23 wherein the immune cell population is an allogeneic cell

population or an autologous cell population.

28. The method of claim 23 wherein the antigen comprises an amino acid sequence encoded

by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof.

29. The method of claim 23 wherein the antigen comprises an amino acid sequence encoded

by nucleotide sequence CT-RCCS8 (SEQ ID NO: 45).

30.  The method of claim 23 wherein the antigen comprises an amino acid sequence encoded

by nucleotide sequence CT-RCC9 (SEQ ID NO: 11).

31. The method of claim 23 wherein the antigen comprises an amino acid sequence encoded

by nucleotide sequence Env HERV-E (SEQ ID NO: 47).

32. The method of claim 23 wherein the antigen comprises an amino acid sequence encoded

by Env HERV-E (SEQ ID NO: 48).
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33. The method of claim 23 wherein the antigen is NH,-ATFLGSLTWK-COOH (SEQ ID

NO: 1) or a function variant or mimetic thereof.

34. The method of claim 23 wherein the antigen is X;-ATFLGSLTWK-X; or a function
variant or mimetic thereof,

wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and

X.

35. The method of claim 23 wherein the neoplastic disease is a solid tumor, metastatic tumor,

renal cell carcinoma, melanoma, lymphoma or leukemia.

36. A method of treating a neoplastic disease in a mammalian subject comprising
administering a pharmaceutical composition comprising a human endogenous retrovirus type E
antigen to the mammalian subject, in an amount effective to reduce or eliminate the neoplastic

disease or to prevent its occurrence or recurrence in the mammalian subject.

37.  The method of claim 36 wherein the human endogenous retrovirus type E antigen is an

envelop protein, a polymerase protein, or a fragment or variant thereof.

38.  The method of claim 36 wherein the mammalian subject expresses an HLA-A11

restricted minor histocompatibility antigen.

39. The composition of claim 36 wherein the antigen comprises an amino acid sequence

encoded by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof.

40. The method of claim 36 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCCS8 (SEQ ID NO: 45).

41. The method of claim 36 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCC9 (SEQ ID NO: 11).

42. The method of claim 36 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence Env HERV-E (SEQ ID NO: 47).
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43. The method of claim 36 wherein the HERV-E antigen comprises an amino acid sequence

encoded by Env HERV-E (SEQ ID NO: 48).

44. The method of claim 36 wherein the HERV-E antigen is NH,-ATFLGSLTWK-COOH
(SEQ ID NO: 1) or a function variant or mimetic thereof.

45. The method of claim 36 wherein the HERV-E antigen is X;-ATFLGSLTWK-X; or a
function variant or mimetic thereof,

wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X, and

X.

46. The method of claim 36 wherein the neoplastic disease is a solid tumor, metastatic tumor,

renal cell carcinoma, melanoma, lymphoma or leukemia.

47. A method for inducing tumor cell death or inhibiting tumor cell proliferation in a
mammalian subject comprising contacting or exposing the tumor cell to an isolated enriched
immune cell population reactive to a human endogenous retrovirus type E antigen, in an amount
effective to induce the tumor cell death or inhibit the tumor cell proliferation in the mammalian

subject.

48. The method of claim 47 wherein the human endogenous retrovirus type E antigen is an

envelop protein, a polymerase protein, or a fragment or variant thereof.
49. The method of claim 47 wherein the immune cell population is HLA-A11 restricted.

50. The method of claim 47 wherein the immune cell population is a CD8" T cell population

or a dendritic cell population.

51. The method of claim 47 wherein the immune cell population is an allogeneic cell

population or an autologous cell population.

52. The method of claim 47 wherein the antigen comprises an amino acid sequence encoded

by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof.
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53. The method of claim 47 wherein the antigen comprises an amino acid sequence encoded

by nucleotide sequence CT-RCCS8 (SEQ ID NO: 45).

54.  The method of claim 47 wherein the antigen comprises an amino acid sequence encoded

by nucleotide sequence CT-RCC9 (SEQ ID NO: 11).

55. The method of claim 47 wherein the antigen comprises an amino acid sequence encoded

by nucleotide sequence Env HERV-E (SEQ ID NO: 47).

56. The method of claim 47 wherein the antigen comprises an amino acid sequence encoded

by Env HERV-E (SEQ ID NO: 48).

57. The method of claim 47 wherein the antigen is NH,-ATFLGSLTWK-COOH (SEQ ID

NO: 1) or a function variant or mimetic thereof.

58. The method of claim 47 wherein the antigen is X;-ATFLGSLTWK-X; or a function
variant or mimetic thereof,

wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and

X.

59. A method for inducing tumor cell death or inhibiting tumor cell proliferation in a
mammalian subject comprising administering a pharmaceutical composition comprising a human
endogenous retrovirus type E antigen to the mammalian subject, in an amount effective to induce

the tumor cell death or inhibit the tumor cell proliferation in the mammalian subject.

60.  The method of claim 59 wherein the human endogenous retrovirus type E antigen is an

envelop protein, a polymerase protein, or a fragment or variant thereof.

61. The method of claim 59 wherein the mammalian subject expresses an HLA-A11

restricted minor histocompatibility antigen.

62. The method of claim 59 wherein the antigen comprises an amino acid sequence encoded

by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof.
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63. The method of claim 59 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCCS8 (SEQ ID NO: 45).

64. The method of claim 59 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCC9 (SEQ ID NO: 11).

65. The method of claim 59 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence Env HERV-E (SEQ ID NO: 47).

66. The method of claim 59 wherein the HERV-E antigen comprises an amino acid sequence

encoded by Env HERV-E (SEQ ID NO: 48).

67. The method of claim 59 wherein the HERV-E antigen is NH,-ATFLGSLTWK-COOH
(SEQ ID NO: 1) or a function variant or mimetic thereof.

68. The method of claim 59 wherein the HERV-E antigen is X;-ATFLGSLTWK-X; or a
function variant or mimetic thereof,

wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and

X.

69. The method of claim 59 wherein the neoplastic disease is a solid tumor, metastatic tumor,

renal cell carcinoma, melanoma, lymphoma or leukemia.

70. A method for diagnosing neoplastic disease in a mammalian subject comprising,
detecting a human endogenous retrovirus type E antigen on a neoplastic tumor cell
wherein the presence of the human endogenous retrovirus type E antigen is indicative of

neoplastic disease or metastatic neoplastic disease.

71. The method of claim 70 wherein the human endogenous retrovirus type E antigen is an

envelope protein or a fragment thereof.

72. The method of claim 70 wherein the mammalian subject expresses an HLA-A11

restricted minor histocompatibility antigen.
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73. The composition of claim 70 wherein the antigen comprises an amino acid sequence

encoded by HERV ID: 23549 (Chr 6: 89367908 — 89375827), or a fragment or variant thereof.

74. The method of claim 70 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCCS8 (SEQ ID NO: 45).

75. The method of claim 70 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence CT-RCC9 (SEQ ID NO: 11).

76. The method of claim 70 wherein the HERV-E antigen comprises an amino acid sequence

encoded by nucleotide sequence Env HERV-E (SEQ ID NO: 47).

77. The method of claim 70 wherein the HERV-E antigen comprises an amino acid sequence

encoded by Env HERV-E (SEQ ID NO: 48).

78. The method of claim 70 wherein the HERV-E antigen is NH,-ATFLGSLTWK-COOH
(SEQ ID NO: 1) or a function variant or mimetic thereof.

79. The method of claim 70 wherein the HERV-E antigen is X;-ATFLGSLTWK-X; or a
function variant or mimetic thereof,

wherein each X; and X, independently of one another represents any amino acid
sequence of n amino acids, n varying from 0 to 50, and n being identical or different in X; and

X.

80. The method of claim 70 wherein the neoplastic disease is a solid tumor, metastatic tumor,

renal cell carcinoma, melanoma, lymphoma or leukemia.
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Expression Analysis of CT-RCC 8 and CT-RCC 9 in Normal Tissues by

Semi-Quantitative RT-PCR (30-Cycle PCR)
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